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Case Engineering Scores Again 
with a Tractor That’s Set a New 


for Fuel 
Economy 


Case engineers . . . dedicated to the objective of 

giving farmers a 4-plow tractor without equal ale — ee 
in performance, power and economy... Bs tem ig — 
have climaxed their efforts in the new 8-speed — 
Case “400.” Evidence of this achievement rests in recent, 

impartial Nebraska tests. Results show conclusively that the Case 

“400” is the all-time champion for low fuel consumption. With its Case- 
designed Powrdyne engine, more power was produced per pound of 


gasoline than any other tractor in the whole history of these official trials. 
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Fuel economy is only one form of savings 
found in today’s finest tractor in the 50-horse- 
power class. One of the many other examples 
is its Powr-Range transmission with eight 
overlapping gear speeds that keep power in 
balance with load. For all the exciting facts see 
your Case dealer or write for catalog and copy 
of World’s Record report to J. I. Case Co., 
Racine, Wis. 
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> -Available for 
“> ~=Design Engineers 


MECHANICS Roller Bearing UNIVERSAL JOINTS accuracy 
has met every aircraft need of the largest bomber and the 
smallest helicopter. When strategic aircraft requirements oe 
indicated a NEW type of universal joint, MECHANICS 
engineers developed it. Design, metals, machining, toler- 
ances, heat-treating, hardening, stamina, balance and 
lubrication—all were adapted to aircraft precision. Design 
engineers may have the benefit of this universal joint 
know-how by sending for the aircraft bulletin shown at 
the right. Our general catalog, containing helpful uni- 
versal joint engineering data and tracing kits, also will be 
sent to engineers, upon request. Let MECHANICS engi- 
neers help design and build universal joints that are 
exactly suited to the power transmission needs of your 


IN AIRCRAFT Any 


GUIDED MISSILES 


product. The competitive advantages that designed-for- 
the-job MECHANICS Roller Bearing UNIVERSAL JOINTS 


provide, are well worth investigating. 


MECHANICS UNIVERSAL JOINT DIVISION 


Borg-Warner @® 2046 Harrison Avenue, Rockford, Illinois 
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“THIS STURDY, convenient 
building is ideal for grain 
storage, machine shelter 
and shop facilities,” says 
F. M. Greathouse of 
Garden City, Kansas. 
“I'd recommend it to 
any farmer in Kansas, 
or any other state for 
that matter. Its great 
structural strength per- 
mits piling grain 11 ft. 
high, is adequate for 
overhead crane for pull- 
ing motors. This build- 
ing should last a life- 
time, with a minimum of 
care. It’s mighty good- 
looking too.” 
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IN FAMOUS BUTLER FARM BUILDINGS 


Roof purlins of USS MAN-TEN Steel 


increase load-hearing capacity 12%, 
cost less to use than carbon steel 


USS MAN-TEN Steel has higher 
strength with a yield point one and 
one-half times that of plain carbon 
steel. That is why the Butler Manu- 
facturing Company, Kansas City, 
Mo., is making generous use of USS 
MAn-TEN in purlins, girts and eave 
struts in their steel farm buildings. 
For, by using high strength steels in 
these members, they are able to ob- 
tain more effective strength per dol- 
lar—greater economy than with any 
other material. 

Here is what Butler Manufactur- 
ing reports: “We originally started 
making these purlins of 14-gage car- 
bon steel, which — when properly 
spaced—carried a roof load of 15 lbs. 
per sq. ft. They weighed 62 Ibs. each. 

“As our business expanded, there 
was a need to furnish buildings capa- 


ble of carrying heavier roof loads, so 
we turned to high strength steels. 
Now, made with 14-gage USS Man- 
TEN Steel, our purlins weigh no more 
than before, but can support a load 
of 26 lbs. per sq. ft. To obtain this 
greater strength with carbon steel 
would require a member weighing 
some 93 Ibs. 

“We figure that on an average size 
Butler farm building—40 x 60 x 14— 
the saving of 31 lbs. per purlin re- 
sults in a saving of 1600 lbs. of steel. 
This not only makes erection easier 
but materially reduces freight costs 
on the steel as well. 

“To this can be added important 
savings in steel costs. The MAN-TEN 
Steel eave struts, for example, cost 
83 cents less per piece—and puriins 
cost 97 cents less.” 


This application of USS High Strength 
Steel is typical. In these superior steels 
—USS Man-Ten, USS Cor-TEn and 
USS Tri-TeEN—manufacturers of farm 
structures and equipment used on farms 
have at their disposal three service- 
tested steels that will permit them to 
materially increase the serviceability of 
their products at little or no increase in 
cost—and frequently at a saving. Find 
out how readily they can be applied to 
increase the strength and durability or 
provide longer life in vital parts of your 
equipment. 
e . . 

Send for a free copy of our 174-page 
“Design Manual for High Strength 
Steels.” You'll find it extremely useful. 
Simply write to United States Steel 
Corporation, Room 5363, 525 William 
Penn Place, Pittsburgh 30, Pa. 


UNITED STATES STEEL CORPORATION, PITTSBURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND - COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


NATIONAL TUBE DIVISION, PITTSBURGH - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - 


USS HIGH STRENGTH STEELS 


* USS COR-TEN * USS TRI-TEN 


E> wnite D 


USS MAN-TEN 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
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There’s a BOWER TAPERED ROLLER 
BEARING engineered to fit your product 


Types and sizes to 
fita wide range 

of tapered bearing 
applications 


There’s no need to compromise with bearings! 
Whatever your product, if it uses tapered 


roller bearings, call in a Bower engineer for 
expert help on selecting the exact type and 
size you need. 


Depending on your own particular needs, 
he'll make sure you get the exact size and 
type—selected from Bower's complete 
tapered line— engineered to assure maximum 
performance in your application. 


Most important of all, when you specify 
Bower tapered roller bearings for your 
product, you get all the advantages of 


advanced Spher-O-Honed design—less 
maintenance, longer life, smoother operation. 


Get the full facts on the complete Bower line. 


ess 


OBRBOWER 
= LJ \ V L. | \ rower searines 


BOWER ROLLER BEARING DIVISION ° FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICH. 
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Steel 
Detachable Chain ‘4 


ASA Double Pitch 
Roller Chains 


Low-Cost Answer to the Designer’s Dilemma 
New Series “A” and “A-R” Chains by Chain Belt 


Fills the gap in implement chains. Looking for chains 
that are lower in cost than double-pitch roller chains... 
yet assure the quality performance you want? Here’s your 
ideal answer—NEW Rex“ A” and “AR” Series Implement 
Chains. They’re lower in cost...yet provide long-lasting 
service in many applications formerly requiring ASA 
double-pitch roller chains. 

The Rex “A” Series Chain is similar in appearance 
and in general application to ASA double-pitch roller 
chains and will operate over the same sprockets. It is 
substantially lower in cost and is somewhat lower in 
fatigue strength and tensile strength. Hot rolled steel side 
plates are used and manufacturing tolerances are not 
quite so close. For many applications, this new chain will 
assure completely satisfactory service. 

New Rex® "AR” Series Chain is a stronger, longer- 
lasting chain than the “A” Series. Because of its larger 


diameter pin, the wear resistance of the chain is increased. 
A heavier bushing provides protection against chain joint 
stiffness. Increased clearances between working parts 
enable “AR” Series Chain to accommodate greater mis- 
alignment. Actually,in certain applications, this chain will 
outperform ASA double-pitch roller chain, yet is lower 
in cost. And it will operate over ASA double-pitch sprock- 
ets and has been designed to operate over cast tooth 
sprockets. In addition, due to its greater strength and 
wear resistance, smaller sizes can frequently be used— 
an important cost-saving feature. 

Get all the cost-saving facts on these new chain develop- 
ments and on new “HF” (High Fatigue Strength) Steel 
Detachable Chain...see how they fill the gap in imple- 
ment chain selection. See your CHAIN Belt Field Sales 


Engineer or write CHAIN Belt Company, 4680 W. 
Greenfield Ave., Milwaukee 1, Wis. 


CHAIRS! BELT COMPANY 


Milwaukee 1, Wis. 
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| Brakes 
designed and built specifically 
for Farm Tractors 


Bs ac 


e 


Bendix brakes for farm tractors are specifically 
engineered for the hard going of field and road work. 
Tractor manufacturers—as well as automobile and 
truck manufacturers—look to Bendix as braking head- 
quarters for their industry. 

Backed by matchless research and manufacturing 
Sic Hains Geeta eas teenies iain facilities, Bendix* farm tractor brakes combine heavy- 
seen: eaeintil dnik aneditien teihilinn, cliun duty performance with extreme dependability—and at 
both forward and reverse. Rugged design ‘he lowest possible cost. Let Bendix farm tractor brake 
assures uniform performance day after day, engineers help you solve your brake problems. 

under the most severe field and road work. Write for complete information. 


BENDIX: sromcn - SOUTH BEND Bena 


i a 
it -_ ad AVIATION CORPORATION 


*REG. U.S. PAT. OFF. 


EXPORT SALES: 
Bendix International Division, 205 East 42nd St., New York 17, N.Y. * Canadian Sales: Bendix-Eclipse of Canada, Ltd., Windsor, Ontario, Canada 
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MAYBE YOU COULD 


MAKE THIS DRIVE | YOURSELF... 
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Frequently a farm equipment manu- 
facturer will ask himself if it wouldn’t 
be more economical for him to build 
a particular component himself rather 
than purchase it from an outside sup- 
plier. The answer, if the facts are com- 
pletely known, will nine times out of 
ten be no! There is a point where pro- 
ducing a unit in one’s own plant 
ceases to be an economy and becomes 
an actual extravagance. 


Take this driving assembly for a 
self-propelled combine. The resources, 
experience and facilities needed to 
create a satisfactory unit like this are 
overwhelming. Design, production 
planning, cost analysis, personnel re- 
quirements—the complicated prob- 
lems involved are endless. The facili- 
©1956, R S & A Company 
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ties that go into its manufacture are 
vast and costly. Only with long and 
special experience can a company pro- 
duce a unit comparable to this and be 
really sure of the cost. 

For many years, Timken-Detroit® 
has been designing and building axles 
and transmissions, brakes and final 
drives. Through the years we have 
supplied scores of different designs 
and tens-of-thousands of units to man- 
ufacturers everywhere. This long and 
intensive experience has saved our 
customers millions of dollars in capi- 
tal outlay for plant and equipment, 
and in all the countless inevitable 
problems of production. 

If you have a problem in designing 
or building farm equipment, it would 


be a wise move to call in our TDA® 
engineers. The component you think 
“special” may turn up as a standard 
item in the long list of TDA products. 
Or, if it is strictly a “custom” job— 
you may be sure cur TDA experts 
can design it to exact specifications 
and build it for less. 

Remember, it costs you nothing to 
find out what TDA knows. Write, 
wire or call TDA... today! 
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Plants at: Detroit, Michigan * Oshkosh, Wisconsin * Utica, New York * Ashtabula, Kenton and Newark, Ohio * New Castle, Pa. 
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(OK AT THESE EASY-WAY we UY 
@ Blood Bros. P.T.0. Shaft with “Quick-Tache vim veer nse | AT BLOOD 
and Floating Guard oe? BROTHERS 


@ Steel Cut Gears in Sealed Gear Box Betwe@ 
Horizontal and Vertical Auger 


, 3 5 . Automatic re — i 
@ Sealed Ball Bearing at Top 9 Se Bi. q trector weight to pv revah wwrfoce oveids Pin. 
Bis ; Lwres 
: —_ as Blood Brothers “drive shots aa e THER 
Lmpany, | Sa | aon FEATURE; 
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1ONS ie ’ eee 
ond SPECIFICAT Vipped with famous Blood Brothers PTO with = 


1|—-DRIVE LINE, telescoping, two Blood Bros 
universe! joints 
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all it b ee satety shield: 
<a shielded roller Be a sprcteh nit, tabard : _—., 
li { i at eo : 
Quality components 


MAKE GOOD PRODUCTS' 
EASIER T0 SELL 


...S0 in advertising and literature, 


these machinery builders feature 


BLOOD BROTHERS FF 
and Drive Lines 


EE 
i 


1 
Doctor, Merchant or Chief Engineer, you learn to prefer ' § 2 always available 
well-known products of high reputation—whether tires } AUGER SHAFT ae “Wea 
for your family car or component parts for your products. qvonas GE. 7” siemesee 
. i UNIVERSAL JoInTs 5, 
These farm machinery manufacturers, too, have learned i $—Blood Bros. Two furnishey 


from past satisfaction that customers respect and prefer WEIGHTS — 1c 


to buy implements with Blood Brothers Universal Joints. 


DEL No. 1.28 
MODEL No ¥ _ » 
2 


So in catalogs and advertising, they voluntarily feature the tae aut rm: ; ay 
dependable, uniform high quality of Blood Brothers ee “a ~- DUPLE | ae - 


Drive Lines. 


Engineer, Purchasing Agent or Salesman—you'll find 
good products get extra preference (and perform better 
too) when they're Blood Brothers’ equipped! 


EXPER 


Write for engineering data and“Spec Sheet” Blanks. 


a A ey P Bb 
BLOOD BROTHERS UNIVERSAL JOINTS 
MACHINE DIVISION Ae ee Sone 


ASSEMBLIES 
ROCKWELL SPRING AND AXLE COMPANY 
ALLEGAN, MICHIGAN 
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, } V-Belt equipped automatic transmission 


Dayton Double Cog-Belts* provide positive power, maintain 
speed ratios in tough vari-drive application. 


Speeds instantly adjustable to crop and field conditions are In addition the combine is equipped with a hydrauli- 
obtainable with the newest self-propelled combine manu- cally controlled header lift and individually adjustable main 
factured by Cockshutt Farm Equipment. Drive-O-Matic, a drives to meet every crop and field condition. Cylinder 
hydraulically controlled variable speed drive—equipped speeds, for instance, range from 245—1178 rpm. 
with a Dayton Double Cog-Belt—gives fully automatic Study by Dayton Agricultural Engineers showed the 
power transmission to huge airplane type traction wheels. following conditions affecting drive operation. Powered by 
Designed to make harvesting of any seed crop faster, a six cylinder engine the 14” OD driver sheave revolved 
easier, and more profitable, the new combine’s foot-pedal at approximately 2000 rpm. The V-Belt, used as a clutch 
controlled speeds permit the operator to balance crop in- with a cam spring for tensioning, had to take a 60 hp 
take with threshing capacity. This eliminates plugging and maximum joad. Belt slippage had to be eliminated, extreme 
underloading, increases harvesting efficiency. flexibility was needed, and positive speed ratios maintained. 


etn 


- Bt De 3 7% 


Mg Pot me 8 4 & 


4 
lt ay *. | at Pa TA 
oe (f ‘ i ha cy 2 mo 4s ie  ° > : 
nore Pind ada xf Aba, 
eke 4 Fo 4 rx ? 
BY a er , OX at ACO 
se Et & Sita. a r 
1G fA o » ead "?, 
ed: TTA 
7: 4 


Eg Fag 
Af ihe 


ad 


thie 


»- tea 
of? a 


a tl 2 


¥ 


— 
“oe 
oe 


qe 


7h P 


Na ee hb sie ae 5s Rey 


ie , . 

. e , 

eo: a : 
an 

ae 

ie 
aa 
Res. 
a : 
a 

a ; 

s Pi 
2 a 
fe) 5 < 
oe ’ 
: coe ; aa we Sa 

— co : 
io. : % rm? Fs y 
ee a é : j - 
ae 7 , ~— a 
an i a igh 
oe og j ~—— a 4 ae 
a 4 , a k. it Fe 
ee: ‘ 3 F : 2 ; tori 
. j i “ ae 
ie os - q 7 e ag 
ee a Se Lory 
os 4 > € > er 
cs ce &§ 5 4 i h in 
ees j : . ’ ; —- ae. 
ae Fk ; j Be =e “e 
— oe y = | 
Te : is} . a7 ‘ 7 ne’s : a 
Be " . aa moe 
cee: q » 4 i te ae 
Fe F Be ox & pee i _— ae ae =~ aa 
tie. aie ; y md i — : 
Eye es ie i K i 1S — awn] Jee 

ae es Bs pee 
esa b; » — an ’ ad —— | * ii Sag yi, ot rene 
een a — ar 4 . ae & Fa cea 
p< oe 4 _ mee | SP wen ; ee = jo ven ae: Gace 
Rais 7 se wa oA Sr nae he GO ERE A: oe, ee ee ee aieadiieeeeieataimeaiaataiinen —_—— ~ ma ee 
ie nl _—~. = : : ~- — | es. em 
ac st is Ped > a it ee ae . H aS Pitt Ks e ae 
eae) es — . + co se, Pe ai - = Fey - zh. ‘has. i i -— ee 
ae St . — _* pie te 4 v- m3 ae jones = 2 = ‘i ee 
ne . 0. a Res veh Yer * A ot oo ae r- ce .. fe a ee 
saa # ag be ea “arn A ar 4 . Reoos ) a < e 
Ee a ; Serr . 3 a oe “ie mitt ly 0S ! 4 oh: 2 | . 
RR ae ee ee = eo i —e i : . 2 — xf . : en ‘a 
eee. ses f° Me aes ee a or of ha * a call ——————— en Fakes a pe Se Sn inden: octane sie ty 
OS eae —  » a 
es r ' . 2 * = tae. escape iad CS ae | soy 
ee : ws : ry ‘Sag oS Ber 4 Tol Pe ae ee ee pee ae a ae 
tae . : - be ' .. a - Ww ¢ is — i =, we 3 ; Boe cee ee 
is | } 2 RRS er oe gg) os 
ae : ’ 4 Lat . z a q % ee a con i 
' a . . r Ee 7. Se ae ae 
ae *> “4 » tae % Se See AG 
— . bo + "hee eamaae ee See 
ne 4 ; ‘ni - Ge - 7, oo 

nen 4 : . j ME: ——— ee Se 
— t aL. * APS P . - ae 
Bate. , yal’ my ge] 
aa : Pe fon) | a ae Be 
ee , 4 ; oy 5 Ae. ge ee Pee 
Lore - “ P - 4 ; if a. | ae ae ae 
a ? 7 ‘a ty st ms —F" 2 2. See rs ED . - Gagageeee, ar “ae ee, pk 
— - - ce Be ea ONE WO ae 08 3 a aan ae eee an | HS i. ¥ iti a, ie eee 
Puness ; . <The A Pe ae Fe ; deat Ay a oae -. , ” 5e Va On Se colt ies Se pen OP ae 
pf aae , ug’ > tas TB. Ye OMe 02x a; = m Re de. Pvt «Sl @.. BS 3} ee 
ieee ; ? r ae ei Ce + Soe ae a4 Tn ald Poy Me ee A F xaebae Se 2 oe | eo 
aa, » 2s a . 35 , 2 BS y We pur 3 ay ’ kee ah; 7 ie ie 5. > ape “Sf . &) vy" e.% Ta A Sc aes ae ae , Ze x allt & 
“espe ‘ ys > feed ge ea a 4 a / Lis 1 eee alleen f 2 SSS SS Fel t's Qe ub SE es fa, Aaa ae oa. ie 
‘he GA de 8 Pe CW Fee ed © eR a 16) BA hee” aaa ar at ne an? ae Lae ae 
ese é ; Se tae bead ett. te Fh ale VOB ao SE ee. hl - > St ieee ” “es pres on 
| aR ae ee ot ene ee Oh eS. a 
es 4e>* ‘eee ye waite me tA TR tee Te ‘ hide i oY Pa ag ie . eee ry - ay 
(eae Siora FT ‘F , fo3: da Tt { A ; “A t 4 4 ¥ ay a a . Ae é fe @\ 4) we. Le » RAS “¥ =: pe ae ES. 2 * : i 
ng: hele a? - ta Bo? 6 eee 9 A go hoa G0 FE DARE org, Vee it Sa 46 C. ~ tee ig Oe ol age 
oh e bs; eek” ee ge NE +Be, te So Kin | 4 Seb) oh ae! : oe Ry AE LF ay nit hi tee “ef i 
ET Ae ee ee a Td We ee A a a > CR 
‘a - nil > £ a nae > .&  s , ao t “a * iy S ae Aro ie SN - 7 ¢ : ee = * eh 
? a is Mie 7 or ae? Wi 2 eee on. ao lage eh ‘ LT om Ps ae 2 LM | ) * ch 
Re ee ee ee id tet Oe ee IN aS ug -% Qa 
iene a > BA . A: pl m4 Jt NE , .. i an Wer ss , . i Ae eee , “pa! Age ve Rite, rt wT 2 ef 
Ber ee Rr oe he A Re Oe ee ees aa eas 12% Fy) IRM Be be ATS PE —— 
iia ae de, Fi tg wn rai aa AOR eS w Nr GP oo ae : ae oh eee ue 
a We cee ee ae Ae ee coh, YE Re ee ee ae y Mate OE Ae eee * = 
“a Pe ae 8 2 EO ees Ae a NB NRA Lh Vee Uae co Ee Sek ate Lf, ). ~ 
BR Pe Be 8 a ee ee er a Nn a ee ic a a ki 1. (oP ‘ ' a 
ea . : Peet's | am = ae Lie i, enedew \s ees PV ~ Xe Vee SS wee — PP et ©. ae r LT Ce ..: evs st 
ee he j PATE ok A Phe | i). awe 1 aN \Y. Leo qk RCA, OE CV Vaan ae _ 
ee | ot? az ” < -*aRs he Ne. gh ale a es we es : ANY PS, ae ee 
re dB S Batt rE fe ‘a * he Th 2 ae ty eM thi 3 ae PS . - o 
gate | lh See ee A eee GO aan Bree a , (RON, | gia IeC gent emg Re TOS Galea. <0 A man eee oe gh) 


In order to meet all the conditions imposed by this drive 
Dayton Agricultural Engineers recommended a specially- 
built Double Cog-Belt. After severe field tests it was 
enthusiastically approved by Cockshutt Engineers for use 
on the new combine. 

Consult with Dayton Agricultural Engineers cn your 
next V-Belt Drive application. Your requirements can be 
met by one of Dayton’s complete line of V-Belts, or, if 
necessary, a special belt can be designed to fit your needs. 
> Write The Dayton Rubber Company, Agricultural O.E.M. 
Div., 1500 S. Western Avenue, Chicago, Illinois. 
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V-Belt powered Variable Speed drive was more economical 
than any other method of producing automatic traction. 
Performance was equal or superior. Belt used is an “HD” 
Section specially-buile Double Cog-Belt. 


Die-cut, press cured sides provide non-slip contact with 
sheaves. Exclusive Double Cog design gives cross-wise 
rigidity necessary to maintain speed ratios, plus maximum 
longitudinal flexibility. 


© D. R. 1956 7] *TM. 
Dayton) hubbex 
YEARS OF PROGRESS 


Agricultural Sales Engineers in Atlanta, Chicago, Cleveland, Dayton, 
Moline, New York, San Francisco and St. Louis. 
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S wheel harrow with Crucible LaBelle discs. 


it’s the steel that makes 
LaBelle discs better! 


It’s a special kind of steel! It’s different in a way from the tool, 
stainless or any of the other hundreds ot special purpose steels 
Crucible produces. But, like them all, it is made expressly 

for its particular job. 


Crucible formulates it with its end use in mind... gives “ 
it the precise combination of hardness and toughness required 
for the type of soil it will operate in... and grinds it prior 

to heat treating to insure a longer lasting edge despite 
highly erosive soil conditions. 


Specify LaBelle discs. They’re made for all makes of 
plows and harrows... and soil conditions. 

Crucible Steel Company of America, The Oliver Building, 
Mellon Square, Pittsburgh 22, Pa. 


C y LE| first name in special purpose steels 


Crucible Steel Company of America 
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Here’s the NEW Torrington Needle THRUST Bearing! 


Now designers have available a needle 
bearing exclusively for heavy thrust 
loads. 

This compact Torrington Needle 
Thrust Bearing—only .0781” in cross 
section—is no thicker than an ordinary 
thrust washer. Yet it brings all the 
advantages of anti-friction operation 
at low unit cost for many thrust 
applications. 

Two mating retainer halves, highly 
accurate steel stampings, are securely 
joined to form a self-contained unit 
closed on OD and ID. The bearing can 


run directly on adjacent parts, hard- 
ened to act as races, or on economical 
hardened and ground flat races. The 
bearing is piloted on the retainer bore. 

In any thrust application where low 
unit cost, high thrust capacity and 
compact design are primary factors, 
consider the Torrington Needle Thrust 
Bearing. Services of our Engineering 
Department are available to assist you 
with design and application. 

Send for our new Bulletin, ‘‘No. *1 
Torrington Needle Thrust Bearings,”’ 
for full information. 


THE TORRINGTON COMPANY 
Torrington, Conn. ¢ South Bend 21, Ind. 
District offices and distributors in principal cities of United States and Canada 


TORRINGTON BEARINGS 


Needle + Spherical Roller + Tapered Roller + Cylindrical Roller » Ball » Needie Rollers 
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Highly successful applications of the 
Torrington Needle Thrust Bearing have 
been made in automatic transmissions, 
governors, steering gears, bevel gears, 
hydraulic pumps, and torque converters. 
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New Case tractor model 400, brings users 
the dependability of vital gears and shafts 
fabricated from nick<l alloy steels to pro- 
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vide good surface wear resistance plus 
needed strength for rugged work. Manufac- 
tured by J. I. Case Company, Racine, Wisc. 


Nickel alloy steel gears in Case tractors, 
despite severe abuse, keep running smoothly 


In the new Case tractor, model 400, 
carburized nickel alloy steel gears 
meet tough operating demands and 
provide advantages for the manu- 
facturer as well. 


Gearing strengthened 
with 4620 


Differential bevel gears and their 
mating pinions are fabricated of 
4620 steel. This provides not only 
strength and toughness, but—thanks 
to minimum distortion in heat-treat- 
ing — smooth and silent operation. 

Case transmission and crankshaft 
gears are also of 4620 type nickel 
molybdenum steel, to obtain essen- 
tial hardness, strength and wear re- 
sistance. 
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Shafting Improved 
with Ni-Cr-Mo-Steel 


To provide high strength in tor- 
sion, Case specifies a direct-hardened 
nickel alloy steel — type 4340 — for 
model 400 power take-off shafts. This 
steel develops high mechanical prop- 
erties, has excellent hardenability 
and responds readily to fabrication 
processes. Its high permissible tem- 
pering temperature also assures 
toughness and dimensional stability. 


Have You a Problem? 


Inco offers help to anyone with a 
metal difficulty... help based on long, 
practical experience...so don’t hesi- 
tate to send us details of your prob- 
lems for our recommendations. 
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Nickel steel gears impart stamina to 
these transmission units for the new 
Case 400. In addition to high mechani- 
cal properties, the nickel alloy steels 
for these components readily respond 
to heat-treatment and fabrication, 
thus permitting economical production. 


67 Wall Street 


THE INTERNATIONAL NICKEL COMPANY, INC. new vorks.n.y. 
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Detail of New Holland Super 77 Hay Baler, showing Morse 
Doublke-Pitch Roller Chain on knotter drive. This is one of four 
vital baler drives utilizing Morse Chain. 


MORSE PRODUCTS FOR AGRICULTURAL EQUIPMENT 


Morse Roller Chain Drive. Special Morse Roller Chain Couplings, Mor- 
double-pitch chain mockup, showing flex Flexible Couplings, adjustable 


variety of special attachments. Morse Torque Limiter. 
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“One of the four places in our new 
Super 77 Hay Baler where we use 
Morse Chain is in the vital drive of the 
knotter assembly,” reports New Hol- 
land Machine Company (New Holland, 
Penn.), leading agricultural equipment 
manufacturers. “This one important 
chain controls the plunger action while 
the bale is being tied. 


“From long experience in manufactur- 
ing grassland equipment, New Holland 
knows how important the action of this 
one chain is in the knotter assembly. 
The chain’s reliability can make or 
break a farmer’s baling record for the 
day or for the season.” 


Leading farm machine makers across 
the country depend on Morse for power 
transmission equipment. Morse makes 
a complete line of roller chain, cou- 
plings, sprockets, torque limiters, and 
special-purpose roller chain attach- 
ments for conveyors, etc. 


Free help and information 


Write, wire, or call today for informa- 
tion on any phase of your product 
development which involves power 
transmission. Or call in our local expert, 
your nearby Morse Distributor. 


MORSE CHAIN COMPANY 
INDUSTRIAL SALES DIVISION 
ITHACA, N.Y. 


POWER TRANSMISSION 


PRODUCTS 


i *trademark 
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How LINK-BELT makes it easy to 
work augers into your design 


ye 


HERE augers are a vital part of 
any equipment, here’s the sure 


way to better equipment design. Link- 
Belt augers are available in a full 
range of diameters, gauges and pitches 
... in any suitable metal to meet your 
most exacting requirements. And 
they’re simple and compact, accu- 
rately made to insure dependable op- 
eration. 

For any design problem involving 
augers ask the Link-Belt office near 
you for engineering assistance. 


SELECTED FLIGHTING for all your auger 
needs. Helicoid, sectional or a range of 
other types are available in the metal 
and finish best suited for your design. 


iphetnty! 


SIMPLICITY OF CONSTRUCTION 
and sturdy design of Link-Belt augers 
provide dependable, efficient operation 
on your machine. One basic assembly 
— no other moving parts to break down. 


The complete auger, for gathering cut grain back of the sickle bar, 
is furnished by Link-Belt for this harvester-thresher. 


| 
YOUR CHOICE OF METALS answers your ENGINEERING SERVICES. Our auger spe- ALL COMPONENTS — conveyor screws, 
requirements for handling corrosive or cialists will help to analyze your special collars, couplings, hangers, troughs, 
abrasive materials. And Link-Belt uses needs . . . integrate all elements of your trough ends, flanges, drives—are avail- 
only specially selected steels. design for overall system efficiency. able for every design. 


Get in touch with the nearest 
Link-Belt office for your copy 
of Screw Conveyor Data 
Book 2289 .. . today. 


FARM MACHINE AUGERS 


14,052 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve ey Are Link-Belt Plants and Sales Offices in All Principal Cities. 


Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville S.W.; South Africa, Springs. Representatives Throughout the World. 
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You SAVE TIME and trouble on your assembly line 
when you use BCA pre-lubricated package units 
for ball bearing installations on farm implements 
... because they are easy to install. 


And your customers get long, trouble-free per- 
formance because these BCA ball bearing units 
are specially built to stand up under the most 
severe farming conditions. 


BCA package units combine the bearing, its 
housing, and an effective seal in a single rugged 
unit that is lubricated for life. 


Available as standard units or custom-designed 
for you, BCA package units are widely used in 
such applications as idler pulley assemblies, cam 
followers, plunger rollers, hay rake bearings, 
grain drills and many others. 


BCA pioneered the use of pre-lubricated package 
unit ball bearings for agricultural implements... can 
help you reduce manufacturing costs and improve 
implement performance. 


BEARIN 


ec FRMBARIY AE ABE RICA 
IGS COMPANY OF AMERICA 
DIVISION OF FEDERAL-MOGUL-BOWER BEARINGS, INC, 


sik Nahe allt 


LANCASTER « PENNSYLVANIA 


Pioneers of pre-lubricated package unit ball bearings for agriculture 
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Huge dynamometer at R/M plant in Passaic, N.J. On this 
dynamometer, one of the world’s largest and most 
useful, the performance of friction materials in entire 
brake and clutch assemblies can be thoroughly tested. 


Cab of one of the special R/M 
trucks used in road testing brake 
linings and clutch facings. 


R/M testing machine at plant in , 
Passaic. On R/M dynamometers, a a 
special Uni-Tork valve, invented as 
by R/M and since adopted by the 
S.A.E., subjects brakes to a uni- 
form rate of deceleration by con- 
tinuously and automatically vary- 
ing pressure to compensate for 
natural changes in frictional char- 
acteristics of material being tested. 
This valve helps produce test data 
much more closely related to ac- 
tual field operating conditions than Us 
possible heretofore. s 


ce 


R/M maintains a permanent testing station near Jenners- Duplex dynamometer at R/M plant in Bridgeport, 
town, Pa., along U.S. Route 30, considered to be the Conn., used to run passenger car and other light duty 
most severe mountain course of its kind in the U.S.A. brake tests. Four tests can be conducted simultaneously. 


THE RECORD OF “FIRSTS” IN FIRST Woven Brake Linings FIRST Asbestos Brake Linings FIRST Ground Wearing Surface « FIRST Zinc Alloy Wire 
FRICTION MATERIAL DEVELOPMENT ®2ke Lining + FIRST Pre-Treated Yarns « FIRST Extruded Pulp Brake Lining * FIRST Flexible Pulp Brake Lining 
in Rolls « FIRST Dry Process Brake Lining « FIRST Semi-Metallic Brake Lining « FIRST Bonded-to-Meta! Brake 

SHOWS WHY R/M IS Lining * FIRST Woven Clutch Facings « FIRST Molded Asbestos Clutch Facings for Clutches Operating in Oil 

FIRST IN FRICTION FIRST Endless Woven Clutch Facings « FIRST Pre-Treated Clutch Facings « FIRST Bonded-to-Metal Clutch Facings 
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THE TRADE-MARK THAT SPELLS PROGRESS 
IN FRICTION MATERIAL DEVELOPMENT 


THE PACE IN FRICTION MATERIAL DEVELOPMENT 


THE WORLD’S MOST COMPLETE 


TESTI 


ASSURES CUSTOMER SATISFACTION 


Friction is an elusive phenomenon. To 
predict and control the performance of 
friction materials in new applications or 
combinations—particularly with today’s 
precise operating requirements—is almost 
impossible except by actual proving on a 
vehicle or on a dynamometer. 

That’s why Raybestos-Manhattan, for 
over 50 years the world’s largest maker of 
friction materials, has the world’s most 
complete, most adaptable facilities for 
testing friction materials—both in the labo- 
ratory and on the highway. 

Much of this test equipment was actually 
designed by Raybestos-Manhattan. In 1938, 
for example, R/M developed the first dyna- 
mometer ever made for the specific purpose 
of testing friction materials operating in oil. 

R/M was the first to chart the properties 
of friction material operating in oil at 
speeds up to 18,000 rpm. 

R/M dynamometers range from com- 
paratively simple machines to giant inertia 
dynamometers— including one of the world’s 
largest—on which customers’ complete 
brake and clutch parts can be tested so as to 
bring out inherent design factors, such as 
servo, wrapping, distortion, and expansion 
due to heat. 

There are certain factors—character of 
engagement, for example—that cannot be 
accurately evaluated in the laboratory. 
R/M therefore maintains its own vehicles 
for road testing brake linings, clutch facings 
and other friction parts under actual oper- 
ating conditions—and on both level and 


Write for your free copy of R|/M Bul- 
letin No. 500. Its 44 pages are loaded 
with practical design and engineering 
data on all R/M friction materials. 


high mountain country. At the well-known 
Jennerstown Mountain Testing Area, R/M 
maintains a year-round testing station 
where friction parts can be subjected to 
rigid tests under the most rigorous driving 
conditions . . . on grades up to 15%. 


WHAT DOES THIS R/M TESTING 
MEAN TO THE 0O.E.M.? 


It means, first, that friction material per- 
formance in full size brake and clutch 
assemblies of trucks, airplanes, buses, trains, 
off-highway equipment, and passenger cars 
may be thoroughly and accurately explored 
for you by R/M engineers. 

It means, second, that R/M has acquired 
knowledge of the behavior of friction 
materials under a wide range of operating 
conditions that provides exact answers to 
problems you may be facing now. 

Unlike most other manufacturers, 
Raybestos-Manhattan works with all kinds 
of friction materials—from woven and 
molded asbestos to cork-cellulose and sin- 
tered metal. Consequently you are assured 
of the best and most unbiased advice on 
friction materials when you call in an 
R/M engineer. 

If you are working with friction materials 
—and wish to make that work more pro- 
ductive and more profitable—consult with 
an R/M representative. All of R/M’s ex- 
perience in friction and the complete facil- 
ities of its seven plants-—with their research 
and testing laboratories—are as near as 
your telephone. 


RAYBESTOS-MANHATTAN, 


EQUIPMENT SALES DIVISION: 6010 Northwest Highway, Chicago 31, Ill. 
Detroit 2 ° 


FACTORIES: Bridgeport, Conn.; Manheim, Pa.; Passaic, N.J.; No. Charleston, $.C.; Crawfordsville, 
Ind.; Neenah, Wis.; Canadian Raybestos Co. Ltd., Peterborough, Ont. 
RAYBESTOS-MANHATTAN, INC., Brake Linings * Brake Blocks * Clutch Facings * Fan Belts * Radiator Hose 


Industrial Rubber, Engineered Plastic, and Sintered Metal Products » Rubber Covered Equipment 
Asbestos Textiles * Laundry Pads and Covers * Packings * Abrasive and Diamond Wheels + Bowling Balls 


Cleveland 16 


Friction material fade and wear character- 
istics are tested on this Long clutch machine 
at R/M plant in Manheim, Pa. Two clutch 
tests can be performed simultaneously here. 


yy. 


ee oe rat 
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Transmission dynamometer at Bridgeport 
developed by R/M for complete testing of 
automatic transmission plates. 


Heavy duty master wet clutch dynamometer 
at R/M plant in Crawfordsville. This dyna- 
mometer was built to test plates for the 
master clutch of a heavy-duty tractor. Speed 
and torque can be varied to match all service 
conditions a tractor will encounter. 


Heavy-duty inertia dynamometer at R/M 
plant in Bridgeport used for special testing. 
Aircraft landing and take-off conditions, for 
example, can be approximated on this ma- 
chine—with brake temperatures rising from 
0° to 1500°F in 6 seconds. 


INC. 


* Los Angeles 58 
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Aetna 


America’s No. 1 Producer of Clutch Release Bearings 


ish or more than a third of a century Aetna Clutch Release Bearings have held recognized leader- 
ship in design, performance and dependability. 


"¥" n terms of testimony, over 68,000,000 Aetna Clutch Release Bearings have been produced to 
== satisfy the year-after-year demand of more than 50% of America’s major producers of on-and- 
off-the-road mobile vehicles. 


.— esearch, a continuing Aetna program, has contributed more basic improvements, more fea- 
== \’ ture “firsts” in Clutch Release Bearings than any other manufacturer. 


oS ervice records and laboratory breakdown tests (up to 1,500,000 de-clutchings) repeatedly prove 
the unmatched superiority of Aetna Clutch Release Bearings—in life-expectancy, lubricant 
retention and smooth, silent operating characteristics. 


rj" ake time—early in the planning stage, before “‘freezing’’ your designs—to test and compare 
“= world famous Aetna Clutch Release Bearings. Samples, quotations and complete engineering 
data are yours for the asking. 


AETNA BALL AND ROLLER BEARING COMPANY 


Division of Parkersburg-Aetna Corporation 


4631 SCHUBERT AVENUE <+ CHICAGO 39, ILLINOIS 
Manufacturers of: Standard and Special Ball Thrust Bearings « Angular Contact Ball Bearings * Radiol 


Ball Bearing Mounted Units « Special Roller Bearings ¢ Ball Retainers * Hardened and Ground Washers 
* Sleeves « Bushings « Miscellaneous Parts 
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Why Armco Stainless Pays Off 


in Fertilizer Applicators 


Armco Stainless Steel in vital parts on fertilizer 
applicators assures long, trouble-free service life. 


Today’smechanized farming demands 
long and dependable service from 
mechanical equipment. This is why 
agricultural engineers are changing 
specifications to stainless steel for 
vital parts exposed to highly corro- 
sive and abrasive conditions. 

Take fertilizer hoppers, for exam- 
ple. Carbon steel offers little or no 
resistance to corrosive attacks from 
fertilizer chemicals. Paint doesn’t 
hold up under the abrasive action of 
dry fertilizer. So corrosion on 
discharge mechanisms and hopper 
bottoms can destroy the carefully cal- 
culated delivery rates of valuable 
plant foods. In addition, corrosion 
causes costly delays and premature 
replacement of parts. 


SS) worrer 
SSS. Bottom 
Rei 


Here’s where Armco 12 (Type 410) Stain- 
less Steel gives dry fertilizer applicators 
assurance of top performance. 
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STAINLESS SCORES HIGH 
IN ACTUAL SERVICE 


Here’s what one manufacturer had 
to say about Armco 12 (Type 410) 
Stainless Steel as a solution to the 
problems of corrosion and abrasion: 

“Our engineering department 
decided to use stainless in these parts 
for several reasons—long life com- 
bined with accurate delivery rates. 
It is absolutely necessary that the 
rotor flutes and metering-gate open- 
ings remain free of corrosion from 
the effects of fertilizer chemicals so 
they do not afford a foothold on 
which fertilizer can begin caking or 
clogging. From our applicators in the 
field, we find tnat these stainless parts 
are performing very satisfactorily.” 


FOR LIQUID FERTILIZER TOO 


In the far west where liquid fertilizer 
is distributed via irrigation water, 
one manufacturer found the solution 
to his corrosion problem in tanks 
made of Armco 18-12 Mo ELC (Type 
316L) Stainless Steel. These tanks 
are used as containers for technical 
green phosphoric acid and ammonium 
nitrate solutions, 

The tank manufacturer pointed out 
that this Armco-developed grade of 


stainless steel “withstands the corro- 
sion of both types of chemicals.” He 
added that no other metal or coating 
on metal will do this satisfactorily 
and still be practical economically. 
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Liquid fertilizer tanks made of Armco 18- 
12 Mo ELC (Type 316L) Stainless Steel 
resist severely corrosive chemicals. 


STAINLESS CAN HELP YOU 


If you have corrosion problems in 
your fertilizer equipment, consider 
changing to Armco Stainless Steel 
for vital parts. Armco produces a wide 
variety of standard stainless steel 
grades, in addition to special grades 
in sheet, strip, bar, and wire. Armco 
engineers will be glad to work with 
you in determining the right grade 
to use. Just fill in and mail the coupon 
on this page. 


, (oe, oo 1 
| ARMCO STEEL CORPORATION | 
| 1486 Curtis Street, Middletown, Ohio | 
| Send me your catalog on “Armco Stainless | 
Steels” | 
| We design ; 
Name 
| Company . | 
Street__ 
| City Zone__ State | 
Dteneintiininsen diciitatindahiiepiina tin nasaniidainn l 
STEEL Neieg 


e) 
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1486 Curtis Street, Middletown, Ohio 
Sheffield Steel Division ¢ Armco Drain- 
age & Metal Products, Inc. « The Armco 
International Corporation 
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can supply all your instrument needs 
—from one manufacturing source! 


Instruments and Gauges of All Types—Including 


Complete Drive Equipment—Designed, Engineered 


and Manufactured to Your Specifications! 


Stewart-Warner can solve your particular in- 
strumentation problem! You benefit from Stewart- 
Warner’s 50 years of experience in the design and 
production of quality instruments for automotive, 
industrial, marine and farm use. 

The complete Stewart -Warner line offers you a 
choice of mechanical or electrical tachometers, with 
or without odometers .. . tachourmeters . . . heavy- 
duty ammeters...fuel-level gauges ...and pressure, 


 MOURS AT: 


Stewart-Warner 


vacuum or temperature gauges of three types— 
bourdon-tube, diaphragm or electric. Complete 
panels can be custom-built to your specifications. 
And Stewart -Warner manufactures flexible shafts, 
gears, adapters and other drive equipment — every- 
thing you need for your complete installation! 

Let Stewart -Warner supply all your quality in- 
strument needs—from one dependable source— 
backed by a half-century of experience. 


Custom-Built 
Panels 


Panel illustrated is a complete in- 
strument package with speedome- 
ter, tachourmeter, ammeter... 
water temperature, oil pressure and 
gasoline gauges. Typical of what 
Stewart-Warner can do to solve 
your instrumentation problem.Every 
job is custom-built to suit you! 


For Further im 
Inf tion, Writ \ 
nformation, Write aa} 
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WART- 


Departme.t ZZ-66, Originait equipment Sales 
1826 West Diversey Parkway, Chicago 14, Illinois 


Stewart-Warner 
Tractor Tachourmeter 


Developed by Stewart-Warner espe- 
cially for farm tractors. Top end of 
pointer shows tractor speed in miles 
per hour in the various gears. Lower 
end shows engine r.p.m. Odometer is 
calibrated to show hours of opera- 
tion at governed speed. A practical 
unit for modern tractors. 


Stewart-Warner 
Gauges 


Acomplete line of heavy-duty gauges 
with mechanical or electric mecha- 
nisms, enclosed in dustproof, corro- 
sion-resistant cases, with chrome 
trim and individual mounting brack- 
ets. Case sizes from 2” diameter to 
21% ” diameter. A size and type for 
every purpose.Accurate,dependable! 


JARNER & 
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America has grown strong largely be- 
cause her people have eaten well. Eating 
well means living well, working well. 
Those are facts that some of us may over- 
look. A thriving agricultural-industrial 
system has put meat and potatoes on our 
tables, white shirts on our backs, soft rugs 
on our living room floors. 


Such necessities, and niceties, come 
largely from the soil. A lot of us need to 
think of that. We need to remember that 
a biscuit in the hand is just so much pro- 
tein and starch and fat taken out of the 
soil; that much of our clothing grows on 
cotton stalks; that sheep are only walking 
factories, eating weeds and grasses and 
grains to grow wool on their bodies; that 
such a flimsy thing as a paper napkin rep- 
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Our Future Rests on Soil Fertility. 


resents a mite of soil resource taken away 
from our national stockpile of natural 
resources. 


If we will look upon our day-to-day 
living in this light, we will understand 
why a nation growing toward a hundred 
and seventy million persons makes a ter- 
rific drain upon soil resources. We will 
realize why it is necessary for us to main- 
tain the soil, even while using it. 


Modern farm equipment makes the 
application of soil conservation practices 
both possible and profitable. It helps to 
put “a future in soil fertility.” 


JOHN DEERE 


soumoeens/ MOLINE, ILLINOIS 
Quabity Farm Equipment Since /837 
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How to 


Make Sure 


of 
Superior 


Performance 


CLARK-TORCON CONVERTER UNIT 


Who can build the best machine! — 
that is the modern spirit of American 
Industry. And the intensity of that 
competition is a major reason why 
leading manufacturers are using Clark 
engineering cooperation in designing 
new equipment—highway and off-high- 
way, automotive, industrial, and con- 
struction. 


For Clark knows the transmission of 
horsepower: has specialized in that basic 
field for more than 50 years; knows 
what can be counted upon to work— 
and what will not . . . The drive-units 
pictured here were designed to make 
sure of superior performance. They are 
hard-working, rugged, dependable 
proofs that it’s good business to do 
business with Clark Equipment. 


Send for attractive pocket-size 
booklet ‘‘Products of Clark”. 


CLARK EQUIPMENT COMPANY 
JACKSON, MICHIGAN 
Other Plants: 

Buchanan, Battle Creek, Benton Harbor, Michigan 
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Land Smoothing for Improved Drainage 


J. W. Borden 


Member ASAE 


INCE 1950, when the subject was first presented (1) *, 

S land smoothing has received much attention in many 

sections of the Midwest, East and South. Federal and 

state technicians in many areas have included the study of 

land smoothing in their research programs. Agricultural en- 

gineers, agronomists and soils technicians have produced new 
information that constitutes the foundation for this paper. 

During the past five years, field technicians, who work 
directly with the farmers, have also become interested in 
land smoothing, and many farmers have experienced note- 
worthy results from it. It was recognized and included in 
the 1952 federal agricultural conservation program bulletin, 
and many states, including Iowa, Illinois, Indiana, Ohio, 
Wisconsin, and Louisiana, have included the practice in their 
state bulletins. 

Land smoothing may be defined as “grading or plan- 
ing the ground surface by mechanical means to eliminate 
or reduce elevated areas and fill minor depressions.”’ Its pur- 
pose is ‘to provide a more uniform plane on which surface 
runoff can move unobstructed into field drains without im- 
pounding.’ The key to surface drainage is ‘to keep the 
runoff water moving without causing erosion of the land 
surface or the ditches.” 

Land smoothing is needed as an integral part of all 
types of field-surface drainage to accomplish the objective of 
ridding the land of excess water quickly. The effectiveness 
of a surface-drainage pattern is a measure of the movement 
of surface water uniformly from the entire field following 
heavy rains. The ironing out of surface irregularities to 
utilize the natural slope of the land and permit the water to 


Abridgment of a paper presented at the winter meeting of the 
American Society of Agricultural Engineers at Chicago, Ill., Decem- 
ber, 1955, on a program arranged by the Soil and Water Division. 

The author—J. W. BorDEN—is vice-president in charge of sales, 
Eversman Manufacturing Co. 


*Numbers in parentheses refer to the appended references. 
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Land levelers or smoothers, rapidly gaining in 
popularity as aids in both drainage and irrigation 
practices, have proven especially useful in facili- 
tating uniform distribution of surface water, with 
the result that erosion is minimized, more water 
enters the soil, and earlier planting, maturing, 
and harvesting of crops is made possible 


move into the field outlets can be accomplished only by 
systematic annual or frequent smoothing operations. It is 
necessary, of course, that outlets be provided to carry the 
surface water from the field and from the farm. 

“Land forming’’ and “land shaping’’ are terms which 
have come into prominence recently in many areas. Land 
forming and land shaping encompass a wide variety of 
farming practices, consisting of one or a combination of 
practices, including land leveling, precision grading, land 
smoothing, subsoiling, deep tillage, filling of gullies, 
grassed waterways, open ditches, surface drainage ditches, 
diversion ditches or terraces and other practices, which in- 
crease crop yields by control of water in an orderly manner 
by altering the surface and/or the subsurface of the field. 

It makes little difference what kind of land the farmer 
works; the water that is necessary to produce his crops also 
helps to create his most difficult problems. If he is irrigat- 
ing, either by gravity or sprinkler methods, his major task 
is to shape his fields to obtain uniform distribution of water 
to each plant in the field. In heavy rainfall areas, on either 
extremely flat land or on fields with claypan subsoils, land 
preparation is needed to provide satisfactory drainage. In 
many areas, a flat field has two drastically different water 
problems during crop growth. During a wet period it may 
be water-logged and in need of improved drainage, whereas, 
during the dry period of the crop cycle, supplemental irriga- 
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Land smoothers or levelers are gaining increasing favor in hana areas for pacnediegs and better farm management 


1956 * JUNE * AGRICULTURAL ENGINEERING 


401 


a a 
: | 
i Bo 
: a - : : | 
iy ait é ‘| 1 A a nan aa 
% ° , = at » x = ‘ % cia? a = £ 
é a rr ~S- eS} + Se =? 

; /- a i eee eo — 

a = | 


ev 
< 
p. 
s 


Aerial view of Mississippi River bottom land near Canton, Mo. The field in the foreground Ss eel Dicttnenlh audiien ulembies te 
has been worked with a land smoother for several years. Fields at the top of picture indicate 4°€4 1S Well drained, earlier planting ts 


that potholes have trapped water which will delay farming and cause crop damage 


tion water may need to be applied. On rolling land, gully 
and small wash elimination followed by drainage-type 
terrace construction to carry the water off the field may be 
essential. Assuming the field presents no other problem, the 
simple fact that the most efficient practice may be to use 
bigger, faster and more efficient machines on larger fields, 
points up the desirability of better land preparation. 

Of all land-shaping practices, land smoothing is prob- 
ably the cheapest and yet one of the most productive. It will 
supplement all of the other land-forming jobs and make 
them more efficient. Land smoothing is economical since it 
can be done with the standard farm tractor and, after the 
initial field-contour correction, it can be included each year 
as part of the tillage operation in preparing the seedbed. 

At this point, the question of maintenance might well 
be mentioned since this vitally important point is oftentim-. 
overlooked. Land-forming practices require year-to-year 
maintenance to retain their efficiency. Once a field has been 
prepared properly to achieve good surface drainage, the ordi- 
nary crop cycle involving plowing, planting, cultivating, 
and harvesting, to say nothing of the water and wind action 
during the course of the year, will disturb the surface enough 
to impound water that will result in crop damage. Saveson 
(4), in discussing the necessity of the yearly maintenance 
operation, refers to the cropping-cycle irregularities as “im- 


(Left) A field in Illinois showing lack of good surface drainage ¢ 
which the field had been leveled each time it was plowed for the past four years 


plement scars’ and points out the need 
to erase them before each crop. 

A close relationship exists between 
tillage and land smoothing. There is a 
definite correlation between smoothing 
an entire field so that it will drain or 
irrigate properly and a small area of 
the field, say, a square yard, that re- 
ceives additional benefits from the 
smoothing effect in addition to the 
drainage obtained. A better, more uni- 
form job of fertilizing results since the 
applicators are held at a constant 
depth. The plowing job is better since 
the shares operate at a constant depth 
and do not sink lower in wet spots or 
raise out of the ground on high, hard, 
dry spots. The planter will place the 
seed at the correct depth. Since the 


possible. The firm, well-prepared seed- 
bed will retain sufficient moisture to 
germinate the seed, even if the weather becomes dry. The 
resulting uniform stand will result in even crop growth 
throughout the year and uniform maturity at harvest time. 
It permits closer and more complete cultivation, and for 
combining close-growing crops, such as soybeans, less field 
loss will occur. Pickup devices do a more efficient job by 
operating on a smooth surface. On pastures and meadows, 
mowing, raking, harvesting or baling is easier and faster on 
a smooth field. Results reported from all sections of the 
country continue to show the effects of land smoothing in 
correlating drainage and tillage operations. 


Uses and Results in Various States 


Wisconsin. On the Alameda silt loam and other poorly 
drained soils of the Spencer group in north central Wiscon- 
sin, significant yield increases were obtained on corn, small 
grain, oats and forage production during surface drainage 
research studies (2). The yield increases attributed to 
smoothing and drainage terraces were obtained during the 
years when the rainfall was below average, circumstances 
that would not permit this type of drainage system to dem- 
onstrate its maximum effectiveness. Land smoothing was 
found to be the single most effective surface-drainage prac- 
tice on land slopes of 2 percent or less. A system of inter- 
ception ditches is generally necessary to produce the most 


(Right) Photo of a field in the same area taken the same day in 
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(Left) This irrigated field was prepared with a small land smoother showing that there are no low places to drown out crops and no high 


spots to burn ¢ 


(Right) Land grading with a small leveler and farm tractor. By making long, shallow cuts and following a definite 


pattern of working in strips this operation is done with close accuracy 


efficient drainage system in order to provide for (a) the 
earth required to fill or drain field depressions, (4) the cre- 
ation of the necessary land-surface gradients, (c) reduction 
of overland flow of the runoff, and (d) the increase in 
velocity of the concentrated runoff flowing into the ditch 
channels. The installation of a drainage system partially 
compensated for a relatively low level of soil fertility, as 
yields from ditched areas that had received no commercial 
fertilizer equalled and often exceeded the yields obtained 
from unditched areas which had received fertilizer. 

Louisiana. In Louisiana, the land-smoothing operation 
has been incorporated into other land-preparation practices, 
namely, grading to establish a definite slope on flat fields. 
Graded and smoothed test areas, in Louisiana, showed an 
average increase of 5.81 standard tons per acre (worth ap- 
proximately $45) of sugar cane over the ungraded check 
area in the first cycle of cane. The second cycle of cane con- 
tinued to show an increase over the check area. In many 
cases the cost of grading sugar-cane land is liquidated by 
the increased yields the first year, and the increase in yield 
the following and subsequent years is net profit. The grad- 
ing and smoothing of typical average sugar-cane land re- 
quired from 444 to 5% hr per acre. Most areas were 
graded and formed by earth-moving equipment to within 
two inches of the desired grade, and the land smoother was 
then used to finish the fields. Some preliminary work was 
started in Louisiana this year, primarily to develop methods 
and costs, in order to study the effect of surface drainage in 
the cotton areas. On a recent cotton test area, land smooth- 
ing was done prior to running levels and establishing the 
grade. This is recommended particularly if stakes are 
placed at 100-ft intervals, since one or two passes with the 
land smoother will eliminate many of the small surface 
irregularities and give a more accurate topographic map of 
the area surveyed. 

Missouri. Field trials in Missouri during the 1952 and 
1953 crop seasons show interesting results. In these field 
trials, there was no actual dirt moving accomplished, but 
rather the tests were set up to compare methods of seedbed 
preparation with a tandem disk and a land smoother. On 
flat fields of Putnam silt loam soil, the corn crop showed a 
yield increase of 5.1 bu per acre in 1952 on the portion of 
the field which was prepared with the land smoother, while 
the yield difference in 1953 showed a 11.3 bu per acre in- 
crease on the smoothed portion. During these same two 
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crop years on flat fields, the soybean yields between the 
disked and land-smoothed portion were not significant. The 
variation of both the stand and yield was greater on the 
disked area than on the smoothed area. This indicates that 
on the smoothed area a somewhat superior stand was real- 
ized, since a more uniform planting depth was possible. 
There was insufficient rainfall during the two above-men- 
tioned crop years to cause noticeable ponding on both the 
corn and soybean fields so the tillage effect of land smooth- 
ing must have been responsible for the yield increase. Ob- 
servation on an adjacent terraced field (3 percent slope) in- 
dicated that the portion that was disked did not eliminate the 
small field ditches, and that runoff concentrated in these 
ditches sufficiently to cause the contour rows to break at 
these points and form silt bands in the terraced channel be- 
low. On the smooth portion, there was not sufficient concen- 
tration of runoff to cause rilling or channel silting when the 
runoff water passed from one contour row to another. Soy- 
bean yields, on the terraced area, showed an increase of 5.1 
bu per acre in favor of the area on which the land smoother 
was used. 

Alabama. The Alabama experiment station at Marion 
Junction, has had excellent results with land smoothing for 
the past seven years. In the heavy clay soil area there, very 
little land preparation is done, except for putting in fall and 
winter grazing crops. The primary problems there are 
concerned with water pockets and preparing a suitable seed- 
bed by breaking up clods. At this station they have settled 
on a method of preparing a seedbed using only a heavy off- 
set tandem disk and the land smoother. They find that with 
this equipment they can make a suitable seedbed with the 
least amount of effort and expense. At the same time, they 
obtain a smooth field with no pockets, so that small grain 
crops can be seeded in the fall without being drowned out 
in the wet season. 

Georgia. At the Georgia Experiment Station, work with 
land-smoothing equipment has been similar to some of the 
projects conducted in Alabama, including surface drainage 
correction, preparation of land for gravity irrigation, level- 
ing mounds left after pulling up old peach trees, reclama- 
tion of eroded areas and as a dirt-moving tool for building 
irrigation ponds. At another Georgia station, work is under 
way to study drainage and development problems of the 
Bladen soil areas. With surface drainage being the major 
factor under consideration, pockets and irregularities must 
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be corrected. The basic grading and smoothing job on 
this bedding study has been completed and the area left to 
fallow. This will provide maximum opportunity for dirt 
settlement, after which the land will be smoothed again and 
the final beds constructed. 


South Carolina. In South Carolina, there has been some 
land preparation for surface drainage work on river bottom 
land near Clemson. This project, on 100 acres, consisted of 
land forming by bulldozing to move large quantities of dirt 
short distances and then cutting a V-shaped ditch with a 
road grader. This ditch followed the natural slope of the 
land and had a drop of 7 to 8 ft in the 3500-ft length. After 
the preliminary work was done, a land smoother was used 
for the remainder of the leveling job. The smoother was run 
over the entire field two or three times in different directions, 
and in some places a dozen times to correct the grade and 
eliminate all minor irregularities. In another area in South 
Carolina, land smoothing has been incorporated with a ter- 
racing program and found to be effective in removing unde- 
sirable ridges and depressions, shallow gullies and similar 
irregularities in contour which normally make too many un- 
desirable kinks in a terrace system. Thus far they have in- 
stalled parallel terraces on approximately 50 acres of land 
which they report “could not have been satisfactorily ter- 
raced for mechanized farming without using a land smoother.” 


North Carolina. There are several projects of interest 
which are either started or in the planning state in North 
Carolina. One of these, in the northeastern part of the 
state, was a study of combined mole and surface drainage on 
a tract of organic soils. Last year they found that even with 
a well-designed system of surface drains, there was still 
considerable damage from poor drainage and flooding, 
mainly due to numerous low spots that had no outlet to the 
surface ditches. This past spring land smoothing was in- 
corporated into this project. The improvement in surface 
drainage and success of the land-smoothing job was proven 
in two ways. First, the landowner refused to let the leveler 
be returned to the experimental station, and, second, other 
research personnel in the state had their interest in land 
forming stimulated to the point of formulating additional 
water management studies and plans. Other technicians in 
North Carolina also believe there are a number of crop and 
soil problems in the state where a moderate amount of land 
forming would greatly improve surface drainage and yields. 

Virginia. In the Virginia coastal plain area, there are 
many soils with a very low rate of internal water movement, 
and surface drainage is very poor due to natural depressions, 
that is depressions created by tillage practices and those 
due to relocation of drainage ditches. These depressions 
vary in depth from one to several inches, and from a frac- 
tion to more than an acre in area. Crop damage is severe 
in the pockets during wet periods, and complete crop failure 
occurs in years when the entire growing season is wet. In 
this area it is accepted practice to plant on top of bedded 
rows, and then dig a small drain ditch across the rows from 
each depression to the nearest lateral drainage ditch. These 
drains are spaced not more than 150 to 175 ft apart. Ona 
field with 0.2 percent slope, a series of row lengths, ranging 
from 100 to 600 ft in length were studied. Tests for one 
year only (1954) on soybeans indicated no significant dif- 
ference in yields between plots of different row lengths. 
This would indicate that the present drain spacing of 150 to 
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175 ft could be increased to at least 600 ft if a small amount 
of grading and land smoothing was done. 


New York. In New York there is considerable interest 
being expressed in the interrelation between surface drain- 
age, seedbed preparation and soil structure maintenance, 
since the mechanics of planting a crop does not permit the 
separation of these three elements. Preliminary plans are 
under way to install a soil structure experiment on drain- 
age, with underdrainage and soil structure management as 
experimental variables, and with the results to be studied 
on use of the land smoother in direct comparison to other 
tillage implements. From the same state comes this obser- 
vation: “It seems to be a truly remarkable situation that we 
have sufficient data to be sure that tillage and drainage prac- 
tices are as important in determining yields, as lime and fer- 
tilizing practices, yet we are doing four or five times as 
much work on liming and fertilization as we are on the 
problems of tillage and drainage.” 

Texas. In Texas the problem is not that of excess surface 
water, but of moisture conservation (8). Yet remarkable 
and interesting is the fact that the identical land-forming 
jobs required for too much water apply also to too little 
water. The practice established in Wisconsin of using ter- 
races as interception ditches, then smoothing to surface 
drain the fields; the Alabama practice of constructing ter- 
races along with smoothing to eliminate erosion, and the 
Spur (Texas) Experiment Station practice of smoothing and 
constructing level terraces to catch and retain surface water— 
all require the same soil management and the same con- 
struction machinery to achieve the desired results. The rain- 
fall in the high plains of Texas varies from 11 to 29 in. 
The primary problem is to conserve a maximum amount of 
water during the good or wet years to provide sufficient 
subsoil moisture to bring crops through the dry years. The 
soil must be made to serve as a water storage. 

In studies since 1909 there have been considerable dif- 
ferences in yield produced in the terraced channel compared 
to that produced in the center of the terrace interval. The 
usual situation is adequate plant growth in the terraced chan- 
nel but stunted growth in the center of the terrace interval. 
In order to determine if more uniform distribution of water 
between terraces and more uniform plant growth could be 
obtained, an experiment was designed to change the slope 
of the land between terraces from the natural grade 
to level. The areas which were selected had a natural slope 
between terraces of from 0.5 to 1 percent slope. In some 
cases the land was leveled between existing terraces, and in 
other cases parallel terraces were constructed to eliminate 
point rows and the land was then graded. The entire grad- 
ing and smoothing job was accomplished with a land 
smoother handled by a three-plow farm tractor. The cost of 
the leveling was $14.17 per acre. The experiment was 
initiated in 1953 and since there was no effective rain in 
1954 from the time cotton was planted until it matured, the 
yields obtained were the result of soil moisture that was 
stored from rains during the period of October, 1953, to 
May, 1954. The average yield per acre in 1954 on areas 
that had not been leveled was 127 Ib of lint compared to a 
yield of 154 lb on the leveled areas. This yield difference 
amounted to an increased gross return of $8.91 per acre and 
the increased yield in a single year paid for more than one- 
half of the land-forming operation. The yields for the 1955 
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cotton crops were 150 lb of lint per acre on the unleveled 
areas compared with 238 lb on the leveled sections. The in- 
crease was 88 lb to the acre, or an increased gross return per 
acre of $23.76. This added to the $8.91 increase for the 
1954 crop means the cost of $14.17 per acre for the leveling 
job has paid off more than double during the first two years. 
The yields were greater in 1955 than in 1954 since rainfall 
was sufficient to permit supplemental runoff water on the 
test areas from the land above. The increased production on 
the leveled areas is due to two causes: (a) there were no pot- 
holes to drown out and retard the growth and (4) the cotton 
plants each received their correct amount of moisture. 


Ohio. In a problem area in Ohio a local technician 
states that the farmers have found two tools necessary to 
provide surface drainage. One is the motor patrol to cut the 
surface ditches, and the other is the land smoother to cover 
the entire area before the ditches are out, and to distribute 
the spoil between ditches after they are constructed. The 
only way they have found to permit water to flow freely to 
the surface ditches is to fill the minor depressions areas, 
ranging from one-half inch up to three inches, with land- 
smoothing equipment. This results in individual row drain- 
age. Another technician in Ohio is in an area where the 
natural slope of the land is less than 0.10 percent, and with 
some larger areas having a slope of 0.01 to 0.05 percent. 
His problems have to do with the following soils and 
drainage conditions: (a) heavy clay soils that do not respond 
readily to the tile drainage; (b) heavy clay soils that respond 
to tile drainage, but surface drainage is necessary also for 
good protection from water standing on the land, and (c) 
heavy, silty clay loam soils that respond well to tile drainage. 


For condition (a), a systematic surface drainage and 
land-smoothing program is necessary for crop production 
and protection. Surface drainage has been found necessary 
on the untiled land of condition (b), for profitable produc- 
tion and is considered needed on the tiled land as an insur- 
ance policy against losses from water standing on the land. 
The soils of condition (c) are the better soils that yield 100 
to 125-bu corn crops. However, by careful investigation of 
some of these tiled fields, it has been noted that there are 
many small depressions that yield 25 to 50 percent less than 
adjoining areas. This is found even though the land is tiled 
at 50-ft spacings. On this type of soil, without tile, the 
average yield can be raised anywhere from 5 to 20 percent by 
installing a complete surface drainage and land-smoothing 
program. 


Michigan. In east central Michigan outstanding results 
have been obtained by combining land smoothing with sur- 
face-drainage ditches and also by land smoothing alone. In 
this area oats and wheat stands have been increased at least 
14 percent. By land smoothing alone, the number of plants 
per acre of row crops such as corn, beans and sugar beets 
have increased 10 percent. Vastly improved seedbeds, and 
number of plants per acre, have been observed on legume 
and grass seedings on those fields combining surface drains 
and smoothing. On the average, the number of surface 
ditches has been reduced over 50 percent by land smoothing. 
On a typical 10-acre field three surface ditches replaced 
11 ditches prior to smoothing. Topographic survey before 
and after smoothing showed some low spots were filled as 
much as 0.40 ft, and the high spots cut 0.20 ft. After in- 
stalling surface ditches and land smoothing, this field av- 
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eraged 58 bu of wheat per acre. Prior to installing the 
drainage system, the fields averaged 25 bu of wheat per acre. 
One farmer ran a comparison on two fields being prepared 
for sugar beets. The same fertilizer and cultural treatment 
was used on both fields with the smoothed area producing 
one ton per acre more than the unsmoothed field. In this 
area it is believed that smoothing should be done before 
each crop is sown, and that a farmer operating 120-acres or 
larger can financially justify his own equipment. 


Iowa. In Iowa a number of test and demonstration 
fields have been subjected to either land smoothing alone or 
surface drains and land smoothing combined. Some work 
has also been done on smoothing ahead of terrace construc- 
tion to iron out irregularities caused by rilling on the hill- 
sides, backfurrows and deadfurrows. 


Indiana. An area of west central Indiana has many fields 
of around 1 percent slope with the soil of such nature that 
on the same field, potholes and erosion are equally important 
problems. Combining surface ditches to carry off excess 
surface water for better drainage and construction of cross- 
slope drainage ditches to control erosion, when finished 
with land-smoothing equipment, has proved to be a paying 
proposition. On land where no land smoothing has been 
done, interception ditches must be spaced closer together in 
order to remove the surface water. Even with a close ditch 
spacing, surface-water concentration in deadfurrows has led 
to serious erosion. In this area farmers have smoothed 
fields which have ranged from slopes of 0 to 1 percent up 
to fields having a 10 percent slope. 

Illinois. In one section of northeast Illinois most of the 
soils are heavy clay full of small depressional areas from one 
to four inches deep, and these depressions hold water long 
enough to injure plant growth. Technicians in this region 
feel that smoothing alone will pay for itself by (a) elim- 
inating the small puddles that hold water and (4) construct- 
ing a uniform seedbed. This area has utilized carry-all 
scrapers to construct the surface ditches and outlets and 
land smoothers to work the field between ditches. In 
southern Illinois a large percent of both the bottom lands 
and the upland hardpan soils are in need of improved sur- 
face drainage. Land smoothing goes along with surface 
drains, and the field personnel recommend it as an integral 
part of drainage improvement. 


Vermont. In the flat, heavy, clay lands adjoining Lake 
Champlain in Vermont, initial land-forming projects have 
proven quite successful. These fields are very rough with 
practically no internal drainage. The solution here seems 
to be a combination of land smoothing, with drainage ter- 
races or surface ditches. From preliminary results, in which 
some areas were filled more than six inches, it is apparent 
that a basic land-forming operation should be spread over a 
period of two years, with an annual crop between operations. 
The loose fill can settle and be resmoothed prior to seeding 
permanent crops. 


Humid Area Applications 


Actually the humid-area farmer has more extensive ap- 
plication, and more times of the year when he can use land 
smoothers to his benefit, than does the western farmer who 
uses his machines for possibly several weeks in the spring 
and another week in the fall. Farmers in southern Illinois 
and in Missouri say there are periods during five or six 
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months of the year when they have operated their levelers. 

There are three primary objections raised by people 
interested in agriculture in the humid areas, who are un- 
familiar with land-smoothing and land-forming operations, 
namely: (a) top soil removal, (4) soil compaction, and 
(c) cost. 

No one can claim, of course, that moving top soil is not 
harmful, and should not be handled with the greatest of 
care. There are three points on this subject, however, which 
deserve consideration. First, top-soil removal has been 
carefully investigated by research workers during recent 
years, and results show that fertilization and good soil man- 
agement can overcome the harmful effects of cutting off the 
high spots and filling in the low areas. Second, it is not 
necessary to remove all of the top soil at one time and to ex- 
pose seeds to clay subsoil. Rather, top soil removal of 2 to 3 
inches will produce remarkably beneficial results, and, by 
good fertilization practices, fertility can be restored within 
one or two years. This will permit further taking off another 
few inches in succeeding years to make additional grade cor- 
rections. Third, the damage done by top-soil removal is far 
outweighed by the helpful benefits derived from improved 
drainage. 

Since top-soil removal was particularly questioned in 
New Jersey and Minnesota, a questionnaire was sent to 
owners in those areas asking in particular (4) how much 
top soil had been removed, () if it was harmful to crops, 
and (c) if fertility was restored. The replies received were 
unanimously favorable. A report received from a vegetable 
grower in Colgone, N. J., is possibly typical of the results 
in that general area. The principal crops there are lettuce, 
sweet potatoes and tomatoes. The smoother was bought 
originally in 1947 to use for both drainage improvement and 
tillage application. The leveler is used during periods from 
March to August every year. The average top soil depth is 
8 to 10 in, and some of the cuts have been half of this depth. 
Soil fertility has been restored by use of both commercial 
fertilizer and barnyard manure. The top-soil removal has 
not been harmful to crops where a little has been taken off 
each year over a period of time. 

Farmer replies from south central Minnesota where land- 
smoothing equipment has been used in land preparation for 
sugar beets, corn, soybeans, peas, and oats have also been 
favorable. Small amounts of top soil have been removed 
each year, over a period of time, and the fertility restored 
by commercial fertilizers. One of the comments from this 
area is that in addition to drainage improvement, it has ex- 
cellent application on spring-plowed ground to conserve 
moisture. Wojta and Peterson (2) show a gradual over-all 
year-to-year increase in yields of the terrace channels, 
where top soil was removed. The addition of commercial 
fertilizer and organic matter, in combination with the move- 
ment of soil during tillage operations, has since improved 
the fertility and structure of the soil. Heavy offset disk 
plows were used to penetrate below the top soil and stir up 
and mix the top 12 in of earth. Thus, even if cuts of two to 
four inches are made, there is still some fertile soil remain- 
ing and the subsoil is loosened up so fertilizer and plant 
roots will penetrate deeper. In some areas the practice of 
“stock piling’ has been followed. The top soil is taken off 
and stored, and then replaced and spread after the grade is 
established by moving the subsoil. This is expensive but 
does answer the top-soil-removal problem in marginal cases. 
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Another possible answer to excessive top-soil removal might 
be ‘bench leveling,” in which leveling is done in strips or 
lands at different elevations across the natural slope. Still 
another system is to grade alternate strips to a depth below 
the final surface desired. The top soil in the adjacent paths 
is then spread over the cut strips to build them back up 
to grade. 

In reference to soil compaction, it is apparent that exces- 
sive tillage and working the ground is harmful. Hence, the 
fewer passes made on a field, with any type of tool, the less 
the soil will pack. Owners have stated that they eliminate 
anywhere from two to four passes over their fields with 
other types of tillage equipment by using land smoothers. 
A recent study (7) shows that a corn seedbed was prepared 
at half the cost and half the number of passes over the field 
with the land smoother than the next most favorable type of 
tillage operation for seedbed preparation. The fewer passes 
possible with land-smoothing equipment should, therefore, 
result in less compaction and less damage to soil structure. 
In Wisconsin land-forming and land-smoothing operations 
have been done during the summer or fall when the ground 
is dry. The ground has then been left smooth, so that the 
winter and early spring water will drain quickly from the 
fields. A once-over harrowing in the spring, prior to plant- 
ing, has resulted in no harmful packing effects. It is wise to 
deep-chisel or subsoil on many soils after land-forming 
operations. 

Cost is dependent upon many variables. The dirt-moving 
or land-grading work and the terrace or ditch construction 
is the expensive portion of land preparation and is done only 
once, whereas land smoothing is a continuing year-to-year 
maintenance operation that is comparatively inexpensive and 
keeps the field from reverting back to its original condition. 
For the cost of smoothing alone, estimates of anywhere from 
50 cents an acre for one time over up to $3.00 an acre for 
anywhere from three to five passes have been received. 
When the annual land-smoothing work is considered as part 
of seedbed preparation, which is true with most farmers, the 
cost is negligible, since they are pulling the smoother rather 
than some other tool, and in most cases are actually saving 
several passes over their fields. The cost, when applied to 
the complete land-forming job, is entirely a matter of in- 
dividual field conditions and requirements. 

The cost estimates that are available on land shaping 
show approximately $17 to $50 per acre for combined drain- 
age terraces and land smoothing in Wisconsin, and $45 per 
acre for precision grading and smoothing in Louisiana. For 
some of the precision-grading jobs accomplished in the 
western irrigated states, these costs are small, since improve- 
ments of $100 or more per acre are quite frequently made. 
It is safe to say that the construction of surface ditches and 
terraces for erosion control constitute the bulk of the ex- 
pense. The preliminary and final land-smoothing operations 
are a comparatively small cost of the whole job. On a recent 
precision-graded test area in Louisiana, 30 percent of the 
total hours were used for smoothing and finishing. Wiscon- 
sin tests several years ago showed the smoothing cost to 
range from $3.00 to $6.00 per acre with the latter figure in- 
cluding some use of the machine as a scraper. 

In this paper it is not suggested or recommended that 
land smoothing is the cure-all for all soil and water prob- 

(Continued on page 410) 
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Mechanizing Flue-Cured Tobacco Harvest 
Robert W. Wilson 


Member ASAE 


HE harvest of flue-cured tobacco is fundamentally 
"TL tere from that of many other agricultural crops 
since the undamaged leaf is sought and not the seed 
or other plant parts. Furthermore, leaves are harvested as 
they ripen from the bottom of the stalk, and it is necessary 
to go over the field several times to complete the harvest. 
At present, flue-cured tobacco is handled many times en- 
tirely with hand labor. The lower leaves on a tobacco stalk 
always mature first, and thus to maintain top quality, they 
are harvested before successively higher leaves on the plant. 
As a result, between four to six different primings are 
usually required, at weekly intervals, to completely harvest 
or ‘prime’ (as harvesting individual leaves is called) the 
entire stalk. The primer pulls the bottom ripe leaves 
(Fig. 1), in each trip through the field (usually two, three 
or four leaves to each plant). The leaves are held under 
the arm and placed in a tobacco sled to be transported to a 
central location, usually near the curing barn. Tobacco from 
the sled is placed on a table from which handers arrange 
the tobacco for stringing. The tobacco is tied two to three 
leaves in a bunch on each side of a tobacco stick. These 
sticks are eventually hung on tiers in a 16X16 16-ft to- 
bacco curing barn. 


Out of the approximately 480 man-hours required to 
produce an acre of flue-cured tobacco at present, 165 man- 
hours are required to harvest alone, following the above- 
mentioned steps. 


Table 1 shows how this labor can be broken down into 
operations, crew, and number of leaf handlings. The con- 
ventional practice is to fill one 16X16 16-ft curing barn 
with about 8,500 lb of green tobacco in one day. 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Urbana, Illinois, June, 1955. 
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Mechanizing the flue-cured tobacco harvest is 
complicated by the progressive maturing of to- 
bacco leaves and the importance of having un- 
damaged leaves. The seemingly impregnable 
block to mechanization is not going unchallenged, 
however, by the supporters of the machine-re- 
places-hand-labor movement. 


TABLE 1. LABOR REQUIRED TO PUT IN ONE BARN OF 


TOBACCO (600 STICKS) * 


No. of leaf handlings 


Operations Crew Individual Bulk 
Selection and 3 primers (men) 1 0 
removal of ripe 1 mule 
leaves 
Transporting 1 boy 0 I 
leaves 1 mule 
Positioning of 4 handers (women or 2 l 
leaves for older children) 
curing 2 stringers (women) 


1 handler (woman or 


older child) 


Placement for Priming crew 0 1 
curing 
Totals 11 man crew 3 3 
8 hour day 


165 man-hours per acre 


*One priming from about three acres. 
cured leaf, $460. 


Operations Involved 

Harvesting can be divided into four separate operations, 
namely, (a) Selection and removal of ripe leaves, (b) trans- 
porting leaves, (c) positioning of leaves for curing, and 
(d) placement for curing. 

The first operation requires three primers who handle 
the leaf one time. The second operation requires one truck 
or sled driver who transports the leaves in bulk to the curing 
location. The third operation requires four leaf handers, 
two stringers, and one stick handler making a total of three 
times the leaves are handled. The last operation requires the 
priming crew to handle the leaves on sticks placing them in 
the barn for curing. This conventional method of harvest- 
ing requires, on the average, an 11-man crew to put in a 
600-stick barn of tobacco in an eight-hour day. The leaves 


Fig. 1 (Left) Conventional method of hand priming ¢ Fig. 2 (Right) Hand defoliator operated by flexible shaft from tractor power take-off 
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are therefore handled individually three separate times and 
in bulk three different times. 
This labor occurs at the time of the year when certain 


other farm activities must also be carried out on tobacco - 


such as topping, suckering, insect control and curing. Other 
crops may require some of the labor in this season also. 

In the complete mechanization of harvesting, each step 
may be approached separately and mechanized independ- 
ently. Thought should be given, however, to eventually 
combining as many of the separate steps as possible. At the 
present time only handling of the leaves and their arrange- 
ment on sticks for curing have been studied and some worth- 
while contributions have been made in the solution of them. 


Leaf Selection and Removal 

In planning the mechanization of operation, the selection 
and the removal of the ripe leaves should be considered 
separately. 

In selecting ripe leaves there is no guarantee that ad- 
jacent plants will always ripen to the same height at the 
same time. It is possible, through controlled cultural prac- 
tices, to improve uniform ripening of tobacco leaves. To do 
this operation mechanically, it would be desirable to harvest 
adjacent plants to the same height. 

Characteristics of Tobacco Leaves. The mechanized 
harvesting principles now being used to harvest other field 
crops do not appear to be suitable for the removal of ripe 
tobacco leaves. The structure of the tobacco leaf along with 
other considerations may make necessary a specialized har- 
vesting technique. Although all of the physical characteris- 
tics of a tobacco leaf at harvesting time are not known, some 
known things about the leaf may offer possible solutions. 

An average tobacco leaf weighs approximately 0.15 lb 
and is 18 in long and 12 in wide. It is bruised and torn 
easily. Tobacco leaves project directly out from the main 
stalk. The leaves are arranged spirally about the stalk with 
seven consecutive leaves making up three revolutions of the 
stalk in most of the common flue-cured tobacco varieties. 
Because of this factor the leaves do not project radially from 
the stalk in any set direction. The bud leaves stand fairly 
erect close to the stalk. As they mature they have a tendency 
to assume a more or less horizontal position. 

The most important physical characteristic of a tobacco 
plant may be the fact that the leaf breaks free from the stalk 
at its point of junction with the stalk. At this point the 
upper fibers of the stem have been put under stress due to 
the weight of the leaf. As a result very little additional 
force in a downward direction is required to break the leaf 
at its juncture with the stalk. 


1953 Work. Late in the 1953 harvesting season the re- 
moval of leaves by mechanical means was tried. Simple 
tools were used because of the lateness of the season and 
no definite conclusions could be made. With the use of 
tools which would give a downward blow to the stem, it was 
possible to remove the tobacco leaves from the stalk without 
any apparent damage to the leaves. 

An example of one of the tools used is shown in Fig. 2. 
The direction of rotation of this unit is such that the por- 
tion of the shaft close to the stalk has a downward motion. 
The ribs strike the leaves projecting out into the row with a 
downward blow and the fingers strike the leaves in the row 
with a downward blow. With this simple tool in mind, it 
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OVERHANGING DAMAGE 
(30% LOSS) \ 


SWATH DAMAGE 
{90% LOSS) S~ 


OEFOLIATED LEAF 
(NO DAMAGE ) \_ 


Fig. 3 Example of the type of damage caused by mechanical 
defoliation 


is possible to visualize a complete machine action whereby 
a unit would be used on both sides of the row. 

1954 Work. A high-clearance tractor was constructed 
for testing various mechanical priming or mechanical de- 
foliating units in the field. Many designs of defoliators 
were constructed and tried. These units were mounted on 
the testing tractor so that the leaves on both sides of the 
row and in line with the row could be removed in the same 
operation. Various difficulties were encountered such as 
parting of the leaves, overhanging leaves, sucker growth, 
and position of the leaves around the stalk. 

It was necessary to secure data on the various units and 
combinations in order to determine the character and causes 
of damage. The early runs indicated that damage might be 
more severe in certain positions around the stalk circum- 
ference. To check this indication of damage all of the plants 
(about 240) in the test row were divided individually into 
four separate horizontal sectors. Assuming the 12 o'clock 
position of a clock in the horizontal plane was in line with 
the direction of travel, the first sector was between 11 and 1 
o'clock (60 deg), the second between 1 and 5 o'clock (120 
deg), and the third between 5 and 7 o'clock (60 deg) and 
the last between 7 and 11 o'clock (120 deg). Leaves in each 
segment of the circle were daubed with a different color of 
water-color paint to permit identification of leaves. 

After making a test run, all the leaves and stalks were 
evaluated for damage. Fig. 3 shows the kinds of damage to 
a tobacco plant occurring from a defoliating unit. All dam- 
age was tabulated as to percent of loss in value per leaf due 
to damage by the unit. Defoliated leaves from the swath are 
shown on the ground. These leaves were separated into 
damaged and undamaged groups. Each damaged leaf was 
given an index value depending upon the amount of loss in 
value due to the damage. Most of the leaves left on the 
plant in the swath were assumed to be totally lost. Some 
leaves above the swath were damaged also. This damage 
usually resulted from the leaves overhanging and getting 
into the unit. Each of these leaves was also given a loss 
index value. 
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Fig. 4 Finger bar and spirally ribbed units are shown on the left, 
and a pair of spiral rubber wipers at the right 


Thirteen units or unit combinations were tested with 
varying degrees of success. Many of the units caused losses 
greater than 10 percent. Fig.4 shows two of the most 
promising units. The unit on the left is a combination 
rubber-covered echelon-mounted finger-bar unit and a spiral 
rubber-rib unit. The finger-bar unit is made up of three 
bars with rubber fingers mounted on the bars. The bars 
move with a roulette motion so that when in operation the 
removal portions have a downward action along the stalk, 
the fingers remaining horizontal and pointed out into the 
row at all times. 

Fig. 5 shows this unit in the field. All the units are in- 
clined upwardly at a 20-deg angle with the forward portion 
being about 15 in higher than the back of the defoliator. 


Swath Damage Overhanging Damage 


Overall Total Damage 


Fig.6 Percent of damage caused by echelon finger defoliator at 
575 rpm during morning operation. Values are average of two test 
runs, each 240 plants long 
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Fig. 5 Finger bar and spirally ribbed units in defoliating position in 
field 


Fig. 6 shows a sample of the damage results secured in 
two test runs with this unit. These results were secured in 
the forenoon with a ground speed of 142 mph and the units 
rotating at 575 rpm. The sketches show the damage occur- 
ring in the four segments of the circle divided up into swath 
damage only, overhanging damage only, and over-all total 
damage. The most damage occurred with leaves projecting 
out from the stalk in line with the row with little damage 
occurring to the leaves in the 120-deg sectors. The over-all 
damage from all causes was 5.4 percent in these two runs. 
With proper shielding the overhanging leaf damage could 
be reduced or eliminated thereby possibly reducing the losses 
to 4.1 percent. 

The unit on the right in Fig. 4 consists of rubber vanes 
approximately 2 in wide wound spirally about a shaft. In 
use this unit acts to wipe the leaves free from the stalk. 
Fig. 7 shows a sample of the damage results secured in three 
tests run with this unit. These results were obtained in the 
forenoon with a ground speed of 14% mph. The units were 
operating at 575 rpm. The sketches show the damage ob- 
tained in different segments of the circle. Here again the 


Swath Damage Overhanging Damage 


Overall Total Damace 


Fig. 7 Percent of damage caused by rubber-wiper defoliator at 425 
rpm during morning operation. Values are averages of three test 
runs, each 240 plants long 
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Fig. 8 Damage comparison of morning and afternoon operation with 
a rubber-wiper defoliator at 425 rpm. Morning operation shows the 
average of three test runs, while afternoon operation is only one run 


majority of damage occurs to the leading and following 
leaves. Some overhanging damage was noted in the 120-deg 
segments. Over-all total damage in these three runs was 5.1 
percent with 4.4 percent possible if overhanging leaves had 
been protected. 

Less damage occurred in forenoon harvesting operations 
than in afternoon operations with all units tested. Fig. 8 
shows a comparison between forenoon and afternoon opera- 
tion. On warm dry days the leaves became very limp and 
were difficult to remove in the afternoon. It may be neces- 
sary to confine mechanical harvesting to the forenoon as is 
desirable with manual priming. 

It seems probable that a commercial unit could be de- 
veloped that would result in defoliation losses of less than 
5 percent. Considerable work is still required, however, to 
perfect these units so that they can be utilized in a complete 
harvesting machine. 

Actual leaf removal may be improved by development 
of more adaptable varieties of tobacco. Plant characteristics 
such as leaf internode spacing, shape and positioning of 
leaves, plant height, and frequency of harvest have a direct 
bearing on leaf damage in the removal process. 


Handling Leaves 

After the leaves have been removed from the stalk, the 
handling of the leaf is of next importance. The problem 
will be complicated if the leaves fall to the ground as they 
are removed. It is essential that some means be provided to 
catch the leaves and transport them to a central location. 
One possible method of doing this may be by the use of 
rollers. These rollers would rotate in the opposite direction 
from the defoliation unit and operate below the unit so 
that the leaves will fall onto the rollers. The rollers would 
carry the leaves out to the center of the row to a belt con- 
veyor which would convey them parallel to the row and to 
a central location on the machine. 


Leaf Arrangement for Curing. One of our major prob- 
lems in tobacco harvesting is the preparation of the leaves 
for curing. At the present time the technique involves hang- 
ing the leaves to both sides of a tobacco stick. Hand string- 
ing is the predominant method. There have been several 
approaches to securing the leaves to a tobacco stick other 
than by hand. One common approach has been a mechanical 
looper which will loop the tobacco similar to conventional 
manual looping. One manufacturer has been working on 
a unit for a high-clearance machine so that the individual 
leaves will be mechanically looped to the stick in the field. 
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This normally would require about four separate leaf han- 
dlings. Another quite common method is by means of a 
clamping arrangement so that the leaves can either be 
pierced or clamped onto or between sticks. 

Another approach that has been made is to use the 
principle of sewing to attach the tobacco in a more automatic 
operation. With this approach individual leaves or leaves 
in bunches will not have to be separated, the leaves can be 
put on a conveyor and fed directly through the sewing head. 
The leaves could either be sewed to both sides of a conven- 
tional tobacco stick or may even be sewed to a more flexible 
hanger such as rope or webbing. More uniform drying of 
the leaf stems may be expected with sewed leaves. 

Looking at these various ways of securing the tobacco on 
a stick, it is possible that a fully developed attaching means 
can be added to a defoliating machine. In this way the 
leaves after defoliation can be put automatically in position 
for hanging in a conventional tobacco barn. 


Market Potential 


The total production of flue-cured tobacco in the United 
States is slightly over one million acres. Average allotment 
per farm is small, however—around 5 acres. The design of 
a machine should be based upon its weekly capacity for each 
acre, as each acre must be reharvested weekly for up to six 
weeks. A machine capable of harvesting three acres per day 
(one barn of tobacco) could handle around a total of 18 
acres per year. It is conceivable that a machine of this ca- 
pacity could be used cooperatively by more than one operator. 


Land Smoothing for Improved Drainage 
(Continued from page 406) 


lems, or that the other established practices are not necessary. 
A suitable liming and fertilization program, proper farm 
and marketing management, adopted crop varieties and 
other necessary practices found beneficial to the local soil 
and moisture conditions are all required. It is apparent, 
however, that the results thus far clearly indicate that land 
smoothing plus good soil management is better than either 
one alone. The next and natural step in the over-all agri- 
cultural program is to give increased consideration to the 
land surface itself. 
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Heating Drinking Water for Livestock 


F. D. Yung and M. P. Brunig 


Member ASAE 


OLD weather tends to complicate the problem of pro- 
C viding sufficient drinking water for livestock, espe- 

cially with respect to preventing ice formation so that 
an ample supply of water is freely available. An adequate 
water supply is a fundamental requirement for maximum 
gains in livestock production. One of the best aids in pre- 
venting ice formation on the drinking-water supply in cold 
weather is automatically controlled heat supplied by elec- 
tricity. It is convenient to use and is easily controlled. 


Drinking Water Temperatures 


The most desirable temperature level of drinking water 
for livestock was the objective of a series of experiments 
with hogs carried on for three winters at the Nebraska 
Agricultural Experiment Station. In these experiments the 
drinking water temperatures for three separate lots of hogs 
were maintained at approximately 40F, 55F and 75F, re- 
spectively. All other experimental conditions, such as hous- 
ing, feeding and care, were the same for all lots. A sum- 
mary of results at the end of three years failed to disclose 
either significant differences in amounts of water consumed 
at different temperatures or any definite advantage in 
amount of gain, rate of growth, or economy of gain. The 
only reasonable conclusion was that there is no real value in 
heating drinking water for hogs except to prevent freezing. 
These conclusions were reported in 1940 (1, 2).* 

Another experiment (3), conducted at a small, care- 
fully operated dairy near the Nebraska college of agriculture 
campus, contributed additional data on the question of op- 
timum drinking water temperature for cows that are giving 
milk. Water temperature for 12 cows was normally main- 
tained at 40F and was continuously available to all of the 
cows. For this experiment the temperature of the water was 
raised to 60F for a period of five days in midwinter. This 
temperature change definitely increased the consumption of 


Paper prepared expressly for AGRICULTURAL ENGINEERING. 
Published with the approval of the Director as Paper 751, Journal 
Series, Nebraska Agricultural Experiment Station. 


The authors—F. D. YUNG and M. P. BruNnic—are, respectively 
research engineer in rural electrification and assistant professor of 
agricultural engineering, University of Nebraska. 


*Numbers in parentheses refer to the appended references. 


Fig. 1 Experimental water tanks in operation on a roof where they 
were exposed to outdoor weather conditions. Instruments were lo- 
cated in an adjoining room 


1956 * JUNE * AGRICULTURAL ENGINEERING 


Member ASAE 


Agricultural research engineers find little 
advantage in heating drinking water for 
livestock in cold weather, except to pre- 
vent freezing. Their studies also show that 
the immersion-type water heater gives 
most satisfactory all-around performance 


electricity but had no apparent effect on the drinking habits 
of the cows or upon their milk production. Out of the total 
of 61.4 kw-hr used for the season, 26.7 kw-hr were con- 
sumed during the 5-day period of increased temperature. 
This was an average of 5.34 kw-hr per day as compared 
with 0.32 kw-hr per day for the other 109 days of low 
temperature operation. Outdoor temperatures were not ab- 
normal during the five-day trial period. 


The conclusion that there is little to be gained by heating 
drinking water for livestock, except to prevent freezing, has 
been reached by others (4, 5). 


Lead Poisoning 

A study of the possibility of lead poisoning when using 
lead-covered heating elements in livestock drinking water 
has been made in cooperation with the U.S. Department of 
Agriculture. It was learned that when soil-heating cable of 
the lead-sheathed type is operated in well water at average 
hardness, a protective coating is formed on the lead surface 
and tends to prevent the lead from going into solution. 
Most of the lead given off by newly installed cable goes into 
solution during the first 24 hours of operation, during 
which time the protective coating begins to form. As a 
matter of precaution, it is well to drain the tank and refill 
with fresh water after operating the lead-cable heater for 
about 24 hours. 


Rain water, soft water or water tending to be acid would 
be unsafe for use with lead-covered heating cable. Only 
small traces of lead were found when the cable was used 
in water having a total hardness equal to 80 parts per mil- 
lion of calcium carbonate. Above this level it was considered 
safe to use lead-covered heating units. 


Electrically Warmed Stock Tanks 

Three heat-conserving factors which seemed most prac- 
tical in electrically warmed stock tanks were selected for 
test. They were (a) a tank cover made of wood, (b) in- 
sulation around the tank, and (c) a bottomless wooden heat- 
retaining box surrounding the heating element to confine 
heat to a drinking opening. 

Five small round steel tanks 3 ft in diameter and 2 ft 
high, each provided with a different means of conserving 
heat, were operated under outdoor winter conditions, Fig. 1. 
All tanks were equipped with identical thermostatically 
controlled floating-type tank heaters designed to keep a 
drinking opening free of ice. The first tank had only the 
floating heater and was not supplied with any additional 
heat-saving equipment. The second tank had the heater and 
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Fig. 2 Relationship of heat losses from experimental tanks by 


evaporation, radiation, convection and conduction 


one heat-conserving feature, a close-fitting wooden cover 
1¥%4 in thick (two layers of common 1-in lumber). The 
third had the heater and four inches of insulation around 
the sides — nothing else. The fourth was equipped with 
only the bottomless heat-retaining wooden box in addition to 
the heater, and the fifth tank had the heater plus all three 
economy features—cover, insulation and heat-retaining box. 


Heat Losses 

Heat losses by evaporation from the surface of the water, 
radiation and convection from the water surface and from 
the sides of the tank, and conduction through the insulation 
around the tank and through the wooden box were com- 
puted from the data taken for each tank by standard form- 
ulas, Fig. 2. 


The open tank, which had none of the heat-conserving 
features, was used as a basis for comparisons. The heat 
losses of this tank averaged 594.3 Btu per hr. The tank that 
ranked highest in economy of operation was the one having 
all of the heat-conserving features. The average loss for this 
tank was 108.0 Btu per hr. As compared with the open 
tank, this combination of three features saved 81.8 per- 
cent of the electricity used by the open tank. Second best 
was the tank having only the wooden heat-retaining box. It 
lost only 162.0 Btu per hr, making a saving of 72.7 percent. 
Third in economy was the tank having insulation around the 
sides. It lost 403.8 Btu per hr, saving 32.0 percent as com- 
pared with the open tank. The wooden cover alone saved 
15.1 percent, the heat losses averaging 504.7 Btu per hour. 


Tank Tank 

1° 2t 
Heat loss (Btu per hr) 594.30 504.70 
Heat used (percent) 100.00 84.90 
Heat saved (percent) 0.00 15.10 
Electricity used per day (kw-hr) ++ 4.18 3.55 
Operating cost (cents per day ) $} 10.45 8.88 


WOODEN 
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FLOATING 
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Fig. 3 Typical pattern of daily ice formation at 5 F in an electrically 

heated experimental stock-watering tank. Numbers indicate daily 

accumulations of ice which were approximately stabilized after 10 

days. Electric-energy requirements did not vary greatly after 
stabilization 


Wooden Heat-Retaining Box 

The best single heat-conserving feature, the bottomless 
wooden heat-retaining box, was 14 in thick and made of 
two layers of 1-in white pine. It was 13 in square inside, 
and 21 in deep, extending 20 in below the surface of the 
water to within about 3 in of the bottom of the tank. Wet 
wood is not considered a good heat-insulating material, but 
the wooden box was an effective barrier between ice-free 
water inside the box and solid ice much of the time outside 
the box. Water circulated freely through the open bottom. 

Tests were also made in a single tank under controlled 
conditions. These were used to determine the effects of (a) 
constructing the heat-retaining box of metal, (b) changing 
the dimensions of the box, (c) changing the location of the 
heating element, and (d) use of the heat lamp. Ambient 
temperature was maintained at approximately SF to accel- 
erate heat losses and permit each test to be completed within 
a two-week period. Ice formation was similar for each test 
(Fig. 3) and the test conditions could be readily repeated. 

A galvanized-iron box of the same inside dimensions as 
the wooden box was nearly 2.8 times as wasteful of heat, 
the loss being 450.7 Btu per hr as compared with 162 Btu 
per hr for the wooden box. The metal box was somewhat 
better than the open tank which lost 504.7 Btu per hr. The 
saving effected by the metal box over the open tank was 
24.2 percent. 


TABLE TO SUMMARY 


Tank Tank Tank Tank Tank 
3t 4§ 51) 6x yoo 
403.80 162.00 108.00 227.40 450.70 
68.00 27.30 18.20 38.30 75.80 
32.00 72.70 81.80 61.70 24.20 
2.84 1.14 0.76 1.60 S57 
7.10 2.85 1.90 4.00 7.93 


*Open—control or “check” with heater only; no other heat—conserving features. 

+Cover—heating plus double-thickness inch-board cover on tank. 

tInsulation—heater plus 4 in insulation (shredded redwood bark) around tank. 

§Wood box, 20 in deep—heater plus double-thickness inch-board box around drinking opening, 13 x 13 x 20 in deep. 

|All—heater plus cover, insulation, and wooden box 13x13x20in deep. 

#Wood box, 10 in deep—heater plus double-thickness wooden box 13x 13x 10in deep. 
**Metal box, 20 in deep—heater plus galvanized iron box 13x13 in inside and 20 in deep. 
++Maximum use—no animals drinking and no inflow of warmer well water. 
ttAt 2% cents per kw-hr. 
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Changing the vertical dimension of the bottomless 
wooden box had little effect on heat loss until depth of 
immersion in the water was reduced to about 10 in. A sharp 
rise in heat loss was recorded for this depth, the average 
loss being 227.4 Btu per hr. The increase, as compared with 
the average loss of 162 Btu per hr for the 20-in depth, was 
a little more than 40 percent. Increasing the lateral dimen- 
sions of the box, making a larger drinking area, tended to 
definitely increase heat loss by radiation, convection and 
evaporation from the greater water surface. 

Placing the heating element 20 in below the surface of 
the water resulted in no important change in average heat 
loss as compared with placing the source of heat at the water 
surface. The difference was less than 2 percent in favor of 
the floating heater. Since the float, to which the heating ele- 
ment was attached, reduced the amount of water-surface area 
exposed to cold air, there was less loss of heat. This seems 
to be a good but not highly important design feature. 


Heat Lamp 

A 250-watt heat lamp of the hard-glass type, thermo- 
statically controlled, was effective in preventing ice forma- 
tion on the drinking area within the open-top wooden box. 
Operating costs, however, were more than double those for 
the immersion-type heating units used under similar con- 
ditions. Thermostat control was effective when the height 
of lamp above the water surface was less than 24 in, but the 
lamp remained ‘on’ continuously at heights greater than 
this. Ice formation was prevented, however, at lamp heights 
below 42 in. Air temperature was near SF during these 
observations. 

Costs of operation which are computed from all tests are 
maximum since no animals were drinking from the tanks 
and, therefore, no replacement water was used. Since water 
from wells is usually warmer than the 40F average tempera- 
ture maintained in the tanks, some heat is normally added 
from this source, requiring less auxiliary heat. The cost of 
operation decreases with increasing numbers of animals 


drinking. 


Summary 

1 Little advantage was found in heating drinking 
water for livestock except to prevent freezing. 

2 Lead poisoning from lead-covered soil-heating cable 
was negligible after 24 hrs use in water having a total hard- 
ness equal to 80 parts per million or more of calcium car- 
bonate. Rain water, soft water or water tending to be acid 
would be unsafe at any time for use with a lead-covered 
heating element. 

3 Three methods of conserving heat in an open electric- 
ally heated stock-watering tank effected substantial savings 
in operating cost as follows: 


Percent savings 


(a) Wooden cover, 14 in thick 


13.3 

(b) Four inches of insulation (K value approximately 
0.3) around the outside of the tank 32.0 

(c) Open-bottom wooden box with sides 114 in thick 
enclosing the drinking opening 72.0 
(d) Combination of (a), (6) and (c) 81.8 


4 An electric floating-type immersion heater in which 
the float itself covered part of the exposed water surface 
provided limited economy of operation (about 2 percent) 
as compared with placing the heating element 20 in below 
the water surface. 
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5 Infrared lamps (inexpensive and easy to install) pre- 
vented ice formation at distances less than 42 in from the 
water surface, but cost of operation was more than doubled 
for results comparable with immersion-type heaters. 
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Plastic Silos 

ILAGE can now be stored in convenient spots around 

the farm in plastic silos. These silos consist of large, 
open-ended sleeves made of plastic, 0.008-in thick, in two 
sizes—22 ft long and 55 ft in circumference designed to 
hold 35 tons, and 27 ft long and 63 ft in circumference to 
hold 70 tons. The plastic used is resistant to mold and 
water and has low oxygen permeability. Rolled down like 
a stocking, the sleeve is spread on the ground in a ring, with 
the bottom end of the sleeve drawn in toward the center to 
make an air-tight base when weighted down with silage. A 
strip of snow fence, set up just inside the silo ring, forms a 
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circular enclosure (top /eft). Silage, mixed with a preserva- 
tive, is distributed evenly and packed tightly by stomping. 
When the bottom layer is filled, the snow fence is removed 
and set up again on top of the layer (top right) but with the 
diameter reduced. Three or four layers can be stacked. The 
plastic film is then rolled up the sides, gathered together at 
the top, and tied. Gases produced by the fermenting silage 
slowly inflate the bag and, after about 96 hours, are allowed 
to escape so that the film settles back around the stack. 

In October, 1955, a farmer in Asbury Park, N. J., stored 
33 tons of alfalfa mixed with corn-cob meal in one of the 
new silos (bottom left). Opened after more than six 
months, it is reported that the silo had preserved all but 
about 25 lb (bottom right).—Product is manufactured by 
the Bakelite Co., a Division of Union Carbide and Carbon 
Company. 
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Preventing Crop Losses by Drying 


Carl W. Hall 


Member ASAE 


drying have been used. Some of the advantages and 
disadvantages are difficult to evaluate economically. 
Data recently released in a U. S. Department of Agriculture 
publication provide a basis for evaluating crop-drying bene- 
fits on the basis of preventing losses(6)*. These data 
present the losses which occur in the various phases of pro- 
duction on the basis of the percent of production, the num- 
ber of acres represented by the loss, and the value in dollars 
of the loss for various farm crops throughout the United States. 
The following three methods could be used to evaluate 
losses for a particular farm: 


Give methods of determining the value of crop 


¢ The percentage loss could be established for a certain 
size of farm. This method would be difficult to apply 
to a particular farm because of the diversity of the 
number and acreage of various crops grown on other 
farms of the same size. 


¢ The loss could be established on the basis of the value 
in dollars for each acre of a crop produced. This 
method would not be applicable because the quantity 
of production of crops per acre varies greatly from 
one farm to another. 


* The losses could be compared on the basis of the loss 
in dollars for each bushel of a crop produced. This 
method of determining the importance of losses for 
an individual farmer would be the most applicable. 
A farmer has a reasonably good idea of the number 
of bushels of various crops produced on his farm and 
from this can estimate the loss each year from the 
various crops (Table 1). 


Heated-air and unheated-air crop-drying 

methods are compared and evaluated in 

this paper with respect to benefits gained 
through prevention of crop losses. 


listed separately in Table 1. These losses can be prevented 
by mechanical ventilation of the grain storage. Insect dam- 
age to grain in storage was due to various weevil, borer, 
moth and beetle which fed on the grain and caused local 
heating with subsequent formation of moisture which pro- 
duced surface crusting and spoiling. Most of this loss can 
be prevented by mechanical ventilation of the grain. 


Hay Loss 

About 28 percent of the field hay crop never reaches 
market or its intended use because of loss. Field losses 
consist primarily of shattered leaves and rain damage 
which can be greatly reduced by mow curing. Storage losses 
are principally the result of excess moisture in hay which 
causes increased microbial activity resulting in mold damage 
and heating. Storage losses in hay can be reduced by a prop- 
erly designed and managed mow-curing system. 


Loss Reduction 

How much of the loss can be prevented? Field losses 
during harvest of grain can be reduced considerably by early 
harvest. When early harvest is practiced, the grain is at a 
higher moisture content than during normal harvest. Har- 
vesting losses increase with delayed harvest of corn. In 


TABLE 1. ANNUAL LOSS OF FARM CROPS IN THE UNITED STATES, 1942-51 (6) 
Value of loss, $1,000 
Actual net oa 
annual production, Annual During During From Loss per unit of 
Crop 1,000 units value, $1000 harvest storage insects Total production 

Corn, bu 3,036,380 4,146,062 $172,753 $168,172 $ 3,682 $344,607 $ 0.114 /bu. 
Cereals*, bu 2,812,342 3,445,762 181,356 89,666 13,111 284,133 0.101/bu. 
Hay, ton 102,296 2,088,144 555,076 99,362 0 654,438 6.40/ton 


*wheat, oats, barley, rice. 


Grain Loss 

About 10 percent of the grain raised on farms never 
reaches market or the place of intended use because of losses 
during harvesting and farm storage. Harvesting losses arc 
caused by (a) wind damage, (b) lodging, (c) shattering by 
rain, (d) insect damage in the field, and (e) improper ad- 
justment of the machinery. Some of these losses can be 
eliminated almost entirely by harvesting at the proper time 
followed by drying the grain with mechanical ventilation. 
Storage losses of grain are caused by (a) growth of the 
mold, (4) heat produced by the mold, (c) the effect of 
foreign material, and (d) insects. The loss from insects is 


Revised form of paper presented at the annual meeting of the 
American Society of Agricultural Engineers at Urbana, IIl., June, 
1955, on a program arranged by the Rural Electric Division. 


The author—Cart W. Hatt—is professor of agricultural engi- 
neering, Michigan State University. 


*Numbers in parentheses refer to the appended references. 
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Indiana in 1952, on November 2 there was approximately 
10 percent loss of the total yield during harvest as compared 
to a 24 percent loss on December 7. The loose ear loss on 
December 7 was 4.5 percent as compared to zero on Novem- 
ber 2(2). Minimum field losses of corn will occur when 
the moisture content is between 24 and 30 percent (4). For 
a picker-sheller the total field loss was approximately 10 
percent of the gross yield for corn from 24 to 30 percent 
moisture and went up to 22 percent loss for corn at 20 per- 
cent moisture. A method of drying is required to assure safe 
storage after harvesting at high moisture. The saving of 
corn obtained by prevention of field losses only will seldom 
be of sufficient value to equal the additional drying costs, 
except for high yields above 125 bu per acre(4). From 
these data it appears that approximately 55 percent of the 
normal harvest loss can be saved. 

The loss of wheat during harvesting can be reduced by 
early harvest. In Ohio minimum losses of wheat per acre, 
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including shattering loss, occurs at about 18 percent moisture 
and amounts to a reduction from the normal loss of 2 per- 
cent to 1 percent of the expected loss(5). A properly ad- 
justed combine will function satisfactorily for high-moisture 
wheat. Harvesting at a higher moisture content would ne- 
cessitate drying of the combined product. Also, it was 
found that there was an increase in the test weight of wheat 
harvested at 18 percent. 

Considerable loss of hay occurs when it is cured in the 
field. Field losses of hay during harvest can be reduced con- 
siderably by handling the hay at a high moisture content. 
There are two major field losses which can be reduced: 
weathering and mechanical leaf loss. Field-dried hay is 
normally at 25 to 28 percent moisture content before it is 
moved to the mow. The loss incurred during handling be- 
cause of leaf loss is considerable as the moisture content is 
reduced to 30 percent. Leaf loss of alfalfa was from 10 to 
65 percent for a moisture range of 28 to 32 percent(7). It 
is important that leaf loss be reduced because the leaves in 
alfalfa hay make up 50 percent by weight and contain 70 
percent of the protein(1). During field curing of hay a loss 
of 22 percent of the dry matter occurred as compared to a 
loss of 7.5 percent of the dry matter by artificial drying(1). 
A reduction in the loss of dry matter during harvest of ap- 
proximately 65 percent can be obtained. 

The exact saving which can be secured in storage is dif- 
ficult to assay. However, it seems quite reasonable that 
approximately 95 percent of the storage losses of grain and 
hay could be prevented through proper storage and me- 
chanical ventilation. Possible savings of 70 percent of the 
total losses of grain and hay which occur during harvesting 
and storage could be made by a combination of early harvest 
and drying. The saving, which could be evaluated in terms 
of financial returns, would be approximately 8 cents per 
bushel for corn and wheat and $4.48 per ton for hay, based 
on Table 1. Thus, for a production of 1,000 bu of grain 
and 50 ton of hay, a gross saving of approximately $80 for 
the grain and $224 for the hay, making a total of $304, 
could be attributed to early harvest and drying. 


TABLE 2. OPERATING COST OF DRYING 


Operating cost 
Heated air, Forced air, 
50¢/100 Ib 30¢/100 Ib 

water water 
$0.0375 $0.0225 

0.019 0.0114 

3.33 2.00 


Water 
removed, 
lb 


Moisture 
range 
percent 
26 to 16 73 
20 to 15 3.8 
40 to 20 667 


Quantity 
after dried 
1 bu corn 
1 bu wheat 

1 ton hay 


Crop 


The cost of additional equipment and other items to pro- 
vide this saving can be evaluated. Slightly more power 
would be required for combining wheat at the higher mois- 
ture content. Data are not available to evaluate this cost. 
The fixed and operating costs of the drying equipment must 
be considered. The annual fixed cost for a heated-air system 
is from 13 to 14 percent of the initial cost and for an un- 
heated forced-air system is 9 percent of the original cost (3). 
The operating costs are approximately 50¢ for each 100 Ib 
of water removed by heated air and from 15 to 30¢ per 
100 Ib of water removed by unheated forced air. The cost 
of operation for the unheated forced-air system covers a 
wide range because its efficiency is greatly dependent on 
the weather. 

The operating cost of removing 10 percent water from 
corn, 5 percent from wheat and 20 percent from hay is 
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shown in Table 2 for 1 bu of corn, 1 bu of wheat and 1 
ton of hay. 

The annual fixed cost for a heated-air system costing $2500 
is 2500 X 13 percent = $325, and for a forced-air system 
costing $700 is 700 X 9 percent = $63. The annual fixed 
cost is added to the operating cost to get the total cost. Fol- 
lowing is a sample calculation for 500 bu corn, 500 bu 
wheat, and 50 tons of hay with one installation: 


Operating cost: Operating cost: 
Corn 
Wheat 
Hay 
Total 
Fixed cost 


Corn 
Wheat 
Hay 
Total 
Fixed cost 
Total Cost 
(heated air) 


$18.75 
9.50 
166.50 


$194.75 
325.00 


$11.25 

5.70 

100.00 

116.95 

63.00 
Total cost 

$519.75 (unheated air) $179.95 

The total gross saving previously calculated, which could 
reasonably be expected for the above example, is $304. Thus 
the heated air system would not be economical on the basis 
of these potential savings. The unheated air system would 
be economical if the speed of operation is not important and 
the weather is favorable for drying. Similar comparisons can 
be made with other acreages and with other crops. 

These figures do not include the possibility of total loss 
of product, which can occur in any one year, although the 
average figures used for determining the loss would take it 
into consideration. The economic value of early harvest to 
permit another crop is not included. The saving of hay is 
often large enough to pay for a forced-air system of drying 
in one year. The greatest potential for preventing losses is 
by mow drying of hay, which does not usually appear as a 
direct cash increase to the farmer because much of the hay 
is fed on the farm. By doing custom drying the purchase of 
a piece of heated-air equipment could be justified econom- 
ically on a small farm. Maintaining nearly the original feed 
value of the product is an inherent advantage and would 
add to the value of a drying system. The advantage of con- 
trolled rapid drying with a heated-air system is not consid- 
ered and would be important in many situations. The 
additional value of the crop after an extended storage period 
should be credited to paying for the building and drying 
system. If the grade is maintained the value of grain will 
often increase 15 to 25 cents per bushel and hay 2 to 5 
dollars per ton during the storage season. 

Based on the moisture which would normally need to 
be removed to prevent the losses on the farm, the value of 
saving would be approximately 0.8¢ per lb of water to be 
removed. This value was used for Fig. 1. By comparing the 

(Continued on page 421) 
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WATER TO BE REMOVED, THOUSANDS OF POUNDS 


Fig. 1 Cost of drying compared to saving from losses only 
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Linear Programming—A Tool in Engineering 
Myron Tribus and Alan J. Rowe 


\ ; J HILE there have been many attempts at defining 
engineers and the engineering profession, there 
has been considerably less attention paid to defin- 

ing engineering problems. In recent years all fields of engi- 

neering, from agricultural through the rest of the alphabet, 
have become more ‘‘scientific’’, that is, have used methods 
of analysis based on fundamental laws and fewer blind em- 
piricisms than heretofore. The successes of some persons 
with purely scientific outlook and training in analyzing 
some phases of engineering problems have served to obscure 
the essential difference between problems in engineering 
and science. Yet there is one essential difference which 
serves to define engineering problems very clearly. The 
world of science has no room for the application of value 
judgments—the solution to a scientific problem is neither 

“good” nor “bad”. It is merely ‘‘correct’ or “incorrect”. 

An engineering solution is either “good’’, ‘‘bad’’ or “‘indif- 

ferent’ depending upon the society, time and circum- 

stances. 

Engineering problems can be defined more closely by 
using the language of mathematics. Some of the characteris- 
tics of an engineering problem are: 


¢ The problems are combinatorial, that is, one is seek- 
ing the proper combination of 
1 Energy, 2 Materials, 3 Land, 4 Time 


e There are always more unknowns than there are equa- 
tions. (If there were no degrees of freedom, only one 
solution would work.) 

¢ The restrictions on the variables occur as inequalities, 
i.e., the Second Law of Thermodynamics, rupture 
strength of metals, pH limitations in soils, etc. 

¢ There is some “value function” (usually “profit’’ or 
“‘cost’’) to be maximized or minimized. 


Engineering problems are thus primarily problems of 
synthesis as opposed to most problems in science which 
are usually problems in analysis*. Problems in analysis may 
be stated, “Given such and such a system, how does it per- 
form?’’ whereas problems in synthesis pose the question 
“Of all possible systems, which is best?” Synthesis is harder 
than analysis because synethesis requires analysis plus value 
judgment plus selection. 


Engineering problems are difficult for two major reasons. 
Sometimes the “profit” or ‘‘value’’ function is not under- 
stood or agreed upon. Haziness in being able to discrim- 
inate between “good” and “not so good”’ solutions does not 
always make a task tough, however. On the contrary, lack 
of good criteria of value makes it easier for the incompetent 


Paper presented at the winter meeting of the American So- 
ciety of Agricultural Engineers at Chicago, Ill, December, 1955, on 
a program arranged by the Farm Structures Division. 

The authors—MyYron TriBus and ALAN J. RowE—are, respec- 
tively, associate professor of engineering, University of California 
(Los Angeles), and consultant, manufacturing services, General 
Electric Co. 

*The authors exclude, of course, certain problems in pure 
chemistry and genetics, for example. But even these activities are 
often carried on in order to analyze scientific methods. 
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Recognizing that engineering problems are primarily 
problems of “synthesis” as opposed to “analysis” 
and their solutions therefore often highly compli- 
cated, the authors in this paper present a mathemat- 
ical procedure, known as “linear programming,” 
for arriving at optimal solutions of actual problems 


to contribute. Witness, for example, the junk sold as kit- 
chenware throughout the country. 

Even when the “'value’’ functions are very well defined, 
as they are, for example, in certain limited activities of a 
capitalistic economy (where the goal is “maximize profits’), 
an engineering problem is still likely to be difficult. Only in 
a certain limited number of these rare well-defined problems 
do we have methods for synthesizing an “optimum” 
solution. 

One of the methods for finding an optimum is called 
“linear programming” and the purpose of this paper is 
to give an introduction to the ideas and methods of linear 
programming. We have drawn freely upon a number of 
published articles and make no pretense at mathematical 
rigor. Instead, we hope to present the essential ideas in a 
simple fashion, accessible to the average engineer and with- 
out the need for a strong mathematical background. We 
appreciate that someone who wishes to utilize the method 
will find it necessary to study material beyond that of this 
paper. 

The examples we give are purposely chosen to be sim- 
ple enough that the solutions are almost obvious. The 
reader should appreciate, however, that the methods of linear 
programming have been applied to problems involving sev- 
eral hundreds of variables, and in such cases no other 
methods now appear to be practical. 


A Linear Programming Example 


In business and engineering, problems which can be 
formulated in terms of linear programming often arise 
where limited resources have to be distributed among com- 
peting demands. These problems give rise to a set of inter- 
dependent activities, and many alternative solutions. The 
problem is to determine at what level these activities should 
be performed in order to achieve some quantitatively ex- 
pressed objective. Such a solution of the problem is called 
an optimum solution. In general, there are many feasible 
solutions to an actual problem, but only one or a few are opti- 
mal. The optimal solution is reached by linear programming. 

As a typical linear programming problem, assume that 
a merchant has on hand 140 gal of vanilla ice cream, 100 gal 
of chocolate, and 120 gal of strawberry. He can sell the ice 
cream in five different ways as follows: 


Selling price Cost Profit 
per gal per gal per gal 

Vanilla, plain $1.20 $.70 $.50 
Chocolate, plain 1.25 75 50 
Strawberry, plain 1.30 .80 50 
Vanilla-chocolate mixture 
(50 percent—50 percent) 1.35 .80 55 
Vanilla-strawberry mixture 
(50 percent—S0 percent) 1.40 85 Be 
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How should the merchant sell the ice cream such that his 
profit shall be a maximum? (It is to be noted that the mix- 
ing operation adds to the cost.) The problem can be re- 
stated in the following manner, defining a set of variables: 


Xi, number of gallons of vanillasold. . . . . = [1] 
X:, "chocolate sold . . . .~ {2} 
X3, ‘i ‘i “ "strawberry sold. . . .~ [3] 
Xs F = ‘i " first mixture sold . . . [4] 
a ” ‘ "second mixture sold. . . [5] 


The following equations indicate that relationship be- 
tween all possible uses of each ice cream and the available 
amount: 


140= X,+ SX4t.5Xs (total gallons of vanilla) . [6] 
100= X2+ 5X (total gallons of chocolate) [7] 
120= Xat Xs (total gallons of strawberry) [8] 

cy ef ) a. eee 


and the profit from this venture can be expressed as 


Z=.5Xi+.5Xat.5Xst+.55Xit.55Xs {10} 


The problem of the merchant has been formulated in 
terms of five variables (unknowns) which can take on only 
positive values, four inequalities and one linear function, 
Z, the maximum value of which has to be determined. Since 
there are more unknowns than equation, the question is 
how to find the value of each unknown which will maximize 
the profit function, Z. This is a typical “linear program- 
ming” problem. The characteristic features of these prob- 
lems are: 

¢ All equations are linear. 

¢ All variables are restricted to positive values. 

¢ More unknowns than equations. 


If the number of independent equations were equal to 
the number of unknowns, there would be only one solu- 
tion. Where there are more unknowns than equations, 
there is an opportunity to maximize Z by changing the 
values of the unknowns until a maximum is attained. 

While a solution of the particular problem shown here 
can easily be reached by inspection, it will be solved by a 
linear-programming method known as the “simplex method,” 
in order to illustrate the technique which can be applied to 
more complex problems. 

An initial feasible solution to the merchant's problem is 
indicated in Table 1, and following is the interpretation of 
the equations given: 


1 The table shows a “basic feasible” 
satisfies the equations but does not necessarily maximize Z. 
This solution is X;=140, X2=100, and X,=X;=0. The 
values for Z are obtained by eliminating the variables in the 
original set of equations from the original Z equation, as 
follows: 


solution since it 


(a) Add the three equations [6], [7], and ie which results in 
360= Xi:+ X2t+Xst Xt Xs {15} 
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(6) Eliminate X;, Xs, X3 from 

Z= .5Xi+.5X2+.5X3+.55X.+.55Xs, which gives 

Z-180= .05X4+.05X; , « [16] 
This result is shown as equation [14] in Table 1. 

2 The values of Z in equation [14] indicate the rela- 
tive profits that could occur if X4 or X; are introduced into 
the solution. 

The problem now is whether there is a better solution. 
Refer equation [14], it can be seen that the relative profit 
for selling either X4 or Xs is 5 cents. Thus Z can be in- 
creased by introducing one of these variables and removing 
one of the variables in the current solution (Xi, Xz, and 
X;3). We will proceed by bringing X, into the solution. 

The maximum amount of X4 which can be brought into 
the solution is determined by the ratio of the numbers in the 
first column of Table 1 to those in the X, column, e.g., 
140/.5 and 100/.5. The smallest of these ratios is the limit- 
ing factor. We cannot bring in more of X, because the 
larger value will cause one of the variables to become 
negative, a physically impossible value (see equation [9}). 
The coefhcient of X4 which corresponds to this smallest 
ratio is circled in the basis equation {12}, and is called the 
““pivot’’ element. 

Linear-programming problems thus differ from the 
usual maximization problems solved in engineering because 
the maximum is not found through differentiation. Straight 
lines do not have maxima inside their limits. Similarly, linear 
equations (sums of straight lines) can have no local max- 
ima. When a variable is changed, it must either be de- 
creased to zero or increased to a point where some other 
variable has been forced (by the equations) to go to zero. 


The next step is to make the pivot element equal to unity 
by multiplying the entire equation by an appropriate factor; 
in this case 2. This new equation is then written in the next 
table as equation [18]. Therefore, we proceed by bringing 
in one variable and removing one variable from the basis, 
(Thus always maintaining the number of variables in the 
solution equal to the number of equations). This amounts 
to exchanging one variable for another. When the X, 
variable is introduced into the solution, some of the other 
variables in the solution are modified. These changes are a 
result of the elimination procedure. The pivot element in 
the solution always has a coefficient of unity and the remain- 
ing values in that column are reduced to zero by elimination. 

For example, X, is eliminated from (11) as follows: 


140=Xit+ 5Xet+ .5Xs 
100= X:+ .5X, 


40= X,—X:+.5Xs 


1 and add. 


new equation [11]} which is shown 
as equation [17] in Table 2. 


multiply by - 


The same kind of elimination is done to obtain equa- 
tions [19] and [20]. These results are tabulated and yield 
the improved solution in Table 2. Note that equation [19] 
remained unchanged since it had no coefficient in the column 
under X, to be eliminated. 

Table 2 has been changed slightly to make it easier’ to 
read. The variables have been listed above the columns and 
only the coefficients are shown in the body of table. Also, 
X4 has been interchanged with Xz so that the first three 
columns indicate the variables in the solution. 


An examination of equation [20] in Table 2 shows that 
bringing X; into the solution would increase the value of Z. 
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Table 2. 


x, % 


eet ee 


Therefore, this has an arrow labeled 
column. As before, the amount of X; which can be tn 
into the solution is limited by the smallest ratio, e.g., 40/5 
and the .5 in equation [17] is circled and becomes the pivot 
element. Multiplying equation [17] by 2 yields equation 
{21} in Table 3. The other equations are obtained by elim- 
ination in the same manner as for Table 2. The results are 
shown in Table 3. 


A further change has been made in the arrangement of 
Table 3. Rather than shift the variables in the solution each 
time, a new column is added which indicates the variables 
currently in the solution. This arrangement of the equations 
will be used in the subsequent problems. 

Equations [21} and [24] represent an optimum solu- 
tion for this problem since all relative profits are zero or 
negative. This means that no further change of the basic 
variables will increase profits. In order to show this, intro- 
duce X, and observe that profits would decrease ten cents per 
gallon. The solution has the interpretation that the profit is 
$194 when 80 gal of vanilla-strawberry; 200 gal of vanilla- 
chocolate, and 80 gal of plain strawberry are sold. In this 
solution all the ice cream is sold in the proportions indicated. 


“Optimal solutions” to linear-programming problems 
have certain features, as follows: 


(a) If there are m unknowns and » equations, af /east 
m-n of the unknowns will be zeros. 


(6) All the coefficients in the equation will be negative 
or zero, when Z is a maximum. (However, if Z is 
to be minimized, the coefficients will be all positive 
or zero. ) 


oS aa te 


“Basic solutions’ such as shown in Tables 1, 2, and 3 are 
characterized by the fact that each variable “in the basis” 
appears in only one equation. When a new variable is 
brought “into the basis,” the various equations must be 


Production of P, 
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Variable 
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added or subtracted from one another to keep the charac- 
teristic feature that each basic variable occurs in only one 
equation. This arrangement of the basic variable is known 
as the canonical form. 

Because of the way the calculations are performed (al- 
ways introducing the most profitable variable), it should 
be clear that each new table produces an improved solution. 
Since the equations are all linear (and Z varies linearly with 
each X), it pays to increase the profitable X as much as 
possible which means that no intermediate maxima exist. 
This can be explained by the fact that the maximum value 
for a ‘‘line”’ is at one of the two end points. Thus the maxi- 
mum profit could not exist along the line, but must be at an 
extreme point. 

The following characteristics are given without a formal 
proof : 

(a) If a maximum value of Z is found, it is the largest 
value possible. It is not a local maximum. (This feature 
follows from linearity. ) 

(b) The maximum will generally be found in a finite 
number of steps. 


A variation on this problem is given in the book “An 
Introduction to Linear Programming.’’+ 


A Second Linear Programming Examplet 

Suppose a manufacturer is making products P; and P, 
which requires the use of three screw machines (51, S2, 53) 
as well as two grinders (g; and g2). Each of the products 
must first be processed on a screw machine and then on a 
grinder. The screw machines differ in capacity and the sur- 
face produced on the work piece. Thus depending upon 
which screw machine is used, a different amount of grinding 
must be done. 

Suppose that the manufacturer has data available on 
the time it takes for each machine to carry on its process. 
Production processes 1, 2, 3, ..., 12 will be considered as 
represented by Table 4 (times 
to produce one thousand parts 
(hours ) by different processes). 

Each machine is available 
only 40 hr per week. The 
manufacturer receives a profit 
of $1.00 per thousand on 


TtCharnes, A., Cooper, W. W.., 
and Henderson, A. An Introduc- 
tion to Linear Programming. John 
Wiley and Sons, 1953, pp. 2 to 15. 


tSimilar worked examples are 
given in ASME preprint 54-A-223, 
application of linear program- 
ming to production engineering 
and scheduling, by E. Leonard 
Arnoff, 1954. 
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item P, and a profit of $1.75 on Pz. The problem confront- 
ing the manufacturer is how much of P; and of Pz he should 
make in order to maximize his profits. Also, by what process 
should he make these products? Finally, he would like to 
know how much it would cost him (in unearned profits) if 
he operated his plant at less than the optimum process in 
order to retain certain intangible benefits from diversified 
production. 

This problem is put into linear-programming form in 
the following manner: Let X; be the amount in thousands 
of items put through process 1, etc. Then the profit per 
thousand items is given by the following equation: 

Z=1.00 (Xi + X2+ X3t+ Xt Xst+ Xe) $1.75 

(Xi + Xst+ Xet+ Xt Xu t+ Xz) {25} 


Each screw machine is limited in its output so that no more 


than 40 hr of production may be scheduled per week. For 
example, the following inequality expresses the limitation 
on screw machine 5;: 


40=2X1+ 2X.+3Xi1+ 3X10 {26] 


Similarly for the other machines the following equalities 
result: 


402>5X2+5Xs+7.5Xst+7.5X1 {27} 
40=4X3+4Xet6Xet+ 6X1 . . [28] 
40>1/2X,+ 1/10X2+1/5Xst+Xi4+ 1/5Xs+2/5Xo [29] 
40=2/5X4.+1/10Xs + 0.15Xet+4/5Xw 

+1/5Xu+3/10Xe . [30] 


In order to eliminate fractions, multiply the equations 
through by appropriate constants. To convert the imequali- 
lies to equations introduce the ‘‘slack’’ variables which de- 


TABLEAU NO. 1 


Variable 


Variable 


40/3 


Soecees 


40/3, X, = 
229. 3, 
-800, 
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80/15, X = 


40/6. 


i.e., 22.93 free hours on g,. 


i.e., 40 free hours on g,. 
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note the amount of unused time remaining on the machines. 
(E, equals excess time available on S;, Ez equals excess time 
available on So, etc.) 


40=2Xi+ 2X4 3X1+3X0t Es {31} 
80= 10X2+ 10Xs+15Xst+15XutE: {32} 
40=4X3;+4X.+6Xi+6Xut Es : [33] 
400=5Xi+ X2+ 2Xst+ 10X1:+2Xet+4Xet+ E . [34] 
800= 8X 4+ 2Xs+3Xet+ 16Xwt4Xu+6Xut Es {35] 
Z=Xit+Xat Xs t+ Xt Xst Xot 1.75X1 + 1.75Xe+ 
1.75Xe+1.75Xwt 1.75Xut 1.75X2 [36] 


Note that the above equations have the characteristic form 
for a linear-programming problem, that is, all the equations 
are linear, there is a linear sum to be maximized (Z), and 
none of the variables can be negative. 

Tableau No. 1 is prepared in the same fashion as the 
last tableau of the ice cream problem (Table 3). The initial 
“basic feasible” solution is taken with all X not in the 
basis set equal to zero. Tableau No. 1 shows the factory 
idle; the profits are zero and each machine is free 40 hr per 
week. The profit equation shows that it pays to introduce 
any X. The first most profitable one, 7.e., Xz is chosen. 


Tableau No. 2 indicates that the introduction of proc- 
esses 10, 11, and 12 would not change the profits. If for 
reasons of prestige or consumer relations P, must be pro- 
duced, Tableau No. 2 shows, for this case, each process is 
equally expensive. 

AutHors’ Note: When this paper was prepared for presen- 
tation at the ASAE winter meeting in Chicago, neither of the 
authors had sufficient familiarity with agricultural problems to 
hazard including one in the paper to be given at that time. Since 
then, however, a number of typical problems amenable to linear 
programming have been brought to the authors’ attention. Some of 
these are: (a) purchase of fertilizers at minimum cost, (4) choice 
of crops to plant in face of limited water, soil fertility, government 
restrictions and variable cost of production at various locations, and 


(c) allocation of feed among types of livestock. Further examples 
may be found from time to time in ‘Econometrica’. 


Discussion 
William H. Yaw 


Affiliate ASAE 
HEN I read the foregoing paper, I realized that the 
\X/ work closely resembles the statistical control work 
which I learned to do for the USAF at Harvard University 
about ten years ago. 

It is interesting to note that only toward the close of 
World War II did the complexity of problems force us into 
this type of analysis. While the terms may confuse one at 
first, in the case of engineers with mathematical back- 
grounds, the techniques may be acquired quickly. I was 
much relieved to read in Dr. E. O. Heady’s builetin (see 
appended references) that a junior clerk can acquire the 
skills necessary to do this work, but I would add ‘‘a junior 
clerk with a very flexible set of brains or a graduate stu- 
dent.”’ It takes a good deal of bandying about this technique 
before one acquires the skills to use it, particularly without 
matrix or vector algebra experience. 

The simplest way to define linear analysis, in my 
opinion, is that it is “a jet version of budgeting.” This 


The author—WILLIAM H. YAw—is co-owner, The Farm Clinic, 
West Lafayette, Ind. 
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is true whether the simplex method is used or matrix or 
vector algebra techniques. George Dantzig of the Rand 
Corp., Santa Monica, Calif., is generally credited with work- 
ing out the simplified simplex techniques for the USAF. 
Incidentally, the Berlin Airlift was linear programmed. 

Budgeting and linear analysis are the same general tech- 
nique. Both use the assumptions of linearity and constant 
input-output ratios. Both have the same limitations. ‘If one 
gives you a screwy answer,” to quote Dr. Heady, “so will 
the other.” 

There are some differences between budgeting and linear 
analysis. Budgeting is seldom used to find the one unique 
production program out of many which may be the maxi- 
mum or the optimum answer. Linear analysis has advan- 
tages for large-scale problems. You can specify the opti- 
mum in a fraction of the time required for cumbersome 
budgeting. Thus we develop this general rule: when 
the problem is large scale, use linear analysis; when it is 
small scale, use budgeting. 

Linear analysis also can dig deeper into problems. An 
illustration of this might be the classic example in agricul- 
ture of breaking down the yearly labor supply into monthly 
labor aggregates. For instance, our livestock labor on corn- 
belt farms is known to vary from 250 hr roughly to 500 hr 
per month at peak-labor loads. By budgeting, it is seldom 
feasible to break down labor into subclasses by months or 
weeks, or soil into different classes, etc., until there are 
perhaps 50 different resource groups to limit production at 
specified optimum combination enterprises. 

Linear analysis is used where two or more fixed resources 
serve in a limitational capacity to the final program. Under 
the assumptions of the method you must have (a) constant 
coefficients and () resources in fixed proportions. Gen- 
erally speaking, there is no reason to set up matrices and 
work out lengthy solutions if all resources are variable. 
Usually linear analysis should be used only where there is 
an “opportunity cost’’ or parallel problem. There is a 
technique where this general rule is an exception, but I will 
not go into it here. 


Following are six basic steps of linear analysis which 
should be helpful in orienting oneself and starting to utilize 
the technique: 

1 Assembling input-output coefficients and prices or 
parallels in other fields of endeavor. This is where judg- 
ment and accuracy enter the picture and where failure to 
use it properly can give the screwy answers mentioned above. 
To put it another way, one must first specify the supplies of 
fixed resources which can limit the program. 

2 Determine the input requirements or coefficients. 
The figuring and thinking which go into the coefficients are 
the smportant considerations of linear analysis. 

3 “Lift” the matrix out of your table determining the 
input coefficients. This simply lists the input coefficients 
alongside prospective resources and their supplies. The 
figures in your first matrix table suggest how resources 
might be used. Here we have to recognize that a resource 
need not be used, and in doing so we introduce the me- 
chanics for this technique by the term ‘‘disposal enterprise’’. 
An example of this might be the farmer leaving hay lie idle 
in the barn for a few years, or silage in an open pit silo, if 
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the market does not justify buying livestock to feed out the 
item. An example in industry where a chain of manufac- 
turing techniques are set up to mass produce something is 
that a machine might occasionally be left idle and the men 
go our for a coffee break, rather than keeping all machines 
tooled up and all men at maximum work per day. We need 
a disposal enterprise or non-use enterprises for each of the 
resources considered in planning. 

4 Next the table must be expanded to include the dis- 
posal enterprises the same as for usable enterprises, also 
including “input” coefficients for these “non-use enter- 
prises’. In terms of mathematics, we have now set up a ma- 
trix with N rows representing possible limitational re- 
sources; and K+ N columns where K equals the real activ- 
ities and N equals the disposal enterprises. 

5 Then we transfer our expanded table into a larger 
table which now gives us room for vertical expansion, add- 
ing an opportunity cost and marginal revenue row beneath 
each set of resources and an R column at the right for the 
purpose of determining our limitational resources. 

6 From here on it is a question of mechanics which 
you study until you can master the technique. 

I see one weakness in the program. After careful think- 
ing and working through the coefficients and setting up the 
plan, we can get it halfway through the machine and have 
the machine break down and our farming enterprise go 
broke before we get it to working successfully again. I am 
sure you realize this is a bit far-fetched, but it does serve 
to bring to mind the fact that we are sometimes “slaves to 
our gadgets’’ in this complicated age. 


Applying Linear Analysis to Farm Structures 

The amazing thing about statistical work in the USAF 
was the way in which distances, transportation difficulties, 
bomb loads, crew requirements, weather hazards, enemy- 
inflicted losses, food intake, etc., were lumped together and 
organized into logical answers. This no doubt grew out of 
the coordinated reports from specialists in various fields of 
endeavor and the necessity of resolving all differences into 
a final objective. 

If your plants run true to many other industrial con- 
cerns, there is the problem that the specialists in each field 
are in touch only with their own immediate problems and 
may be dominated by a president whose specialty influences 
his primary thinking. Or it may even be that the adminis- 
tration staff has limited technical knowledge. It is entirely 
possible that the most vocal of the engineering heads get 
their plans incorporated when new chunks of money are 
available. 

I hesitate to make broad statements about manufacturing 
of farm structures because I feel all of you are in the midst 
of the field and I am just an observer. However, in the 
technique of linear analysis there is virtually no limit to the 
possibilities which can simultaneously be compared; whether 
the problem is one of stress, costs, durability, or other. In 
designing structures of the future, perhaps temperature, 
moisture, humidity, space requirements (flexibility thereof ), 
use value, and other points are getting more emphasis than 
in the past when being considered with the engineering 
inputs. If you can find ways to study this technique and 
get a picture of where you are going to go without working 
it through, linear analysis gives many unbiased answers that 
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can assist. Linear analysis can be helpful. It will give you 
opportunities for short cuts that budgeting alone will not 
permit. This is in addition to the advantages offered by the 
technique for more complicated problems. 


Limitations of Linear Analysis 

Just a word about linear analysis limitations. Without 
pretty careful judgment, one can very easily get into the 
position of considerable mathematical gymnastics that are 
unnecessary and thus bog down with a problem. 

Poor judgment in assembling the input-output coef- 
ficients will give severe distortion in one’s answer. It may 
become valueless. 

Linear analysis is complex. 

Determining whether to budget or solve the problem 
by other methods of linear analysis. 
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Preventing Crop Losses By Drying 


(Continued from page 415) 


cost of removing the water using heated and unheated 
forced air with the value of product from which the water is 
removed, a method is provided for determining the eco- 
nomical value of the two systems. The unheated-air system 
is economical for the removal of 13,000 lb of water or more 
per year, and the heated-air system is economical for removal 
of 113,000 lb or more per year based on the prevention of 
losses (Fig. 1). The removal of 13,000 lb of water would 
be from 1,730 bu of corn, or 3,420 bu of wheat, or 19.5 tons 
of hay. The removal of 113,000 lb of water would be from 
15,060 bu of corn, or 29,730 bu of wheat, or 169 tons of 
hay. Other advantages may contribute to the value of drying 
and make it economical at lower crop volumes. This paper 
was written to show the advantages of crop drying from 
consideration of /osses only. 


References 


1 Bohstedt, G., Nutritional values of hay and silage as affected 
by harvesting, processing and storage. AGRICULTURAL ENGINEER- 
ING, 25:337-340, 1944. 

2 Burrough, D. E., and Harbage, R. P. Performance of a corn 
picker-sheller, AGRICULTURAL ENGINEERING, 34:21-22, 1953. 

3 Hardin, Lowell and Snodgrass, Milton. Will it pay you to 
dry grain, Better Farming, June, 1955. 

4 Herum, F. L., and Barnes, K. K. What's the best way to 
harvest corn? Farm Science, 9:519-520, lowa Ag. Exp. Sta., Julv, 
1954. 

5 Johnson, William H., Hurst, H. T., and Blauser, I. P. Prog- 
ress report of the harvesting and storing of high-moisture wheat, 
(mimeo.), dept. of agr. eng., Ohio State University, May, 1954. 

6 Losses in Agriculture, ARS-20, U.S. Department of Agri- 
culture, Washington, D. C., 1954. 

7 Zink, Frank J., Moisture contents at which alfalfa leaves 
shatter, AGRICULTURAL ENGINEERING, 17:329-330, 1936. 


421 


-_ rs 
| ee 
ee = 


Se TMI. AL LL EL LL UMMC ML TLL LL LLL ULL LULL 


NEWS SECTION 


Qagmunnnncasnncanenenencascnncannitity 


V-Belt Seminars for Industry 
Engineers 


SERIES of nearly 30 V-belt seminars for 

major manufacturers of farm equipment 
throughout the nation are being conducted 
this year by the Agricultural Division of 
Dayton Rubber Co. The first seminar was 
held March 6 at the New Holland Machine 
Co., New Holland, Pa. Main portion of 
each program is a slide lecture covering 
problems encountered in the development 
and production of specialized V-belts for 
the farm equipment industry. The slides are 
followed by a blackboard demonstration of 
various V-belt drives and their application. 
The meeting closes with a question-and- 
answer period. 

A raw material display accompanying the 
program shows the basic rubbers, chem- 
icals and fibers used in V-belt production. 
How each of these materials performs a 
definite function within the belt structure, 
and how the slightest variation in their 
percentage or position in the belt mix affects 
the finished product’s performance are ex- 
plained. With the aid of slides, it is also 
pointed out how the research and develop- 
ment engineer must select, from a large 
variety of raw materials, those which will 
perform in such a manner as to meet a 
specific V-belt need by experimenting with 
and eliminating any number of components 
until the right combination results. 

An explanation of the company’s testing 
procedure begins with laboratory tests for 
determining V-belt tensile strength, tenden- 
cy to fray, noise-generating characteristics, 
conductivity and static-generating proper- 
ties, performance at extreme high and low 
temperatures, slip and stretch characteristics, 
flexibility, performance and life expectancy 
with and without loads. 

When an experimental model passes all 
the rigorous laboratory tests, it is field- 
tested to check on other factors, such as 
weather, faulty maintenance and foreign 
materials picked up while the belt is in 
operation under actual working conditions. 


DAYTON RUBBER CO. 


_ URAL 


the Basic Raw Materials 


n V-Gelt Manufacture 


Representatives of the Agricultural Division of the Dayton Rubber Co., 
who will conduct V-belt seminars for farm equipment industry engineers 
(Left to right) W. O. Terrill, 
K. Lofton, sales manager; R. S. Gove, district man- 
ager; and W. E. Wayland, field sales manager 


throughout the country during the year. 
sales engineer; E. 
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ASAE Meetings Calendar 


June 17-20—49TH ANNUAL MEETING, Ho- 
tel Roanoke, Roanoke, Va. 


August 28-30—NorTH ATLANTIC SECTION, 
Riley-Robb Hall, Cornell University, 
Ithaca, N. Y. 

October 24-26 — PacirFic NORTHWEST SEC- 
TION, Penticton, British Columbia 

December 9 to 12 WINTER MEETING, 
Edgewater Beach Hotel, Chicago 
Note: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


True D. Morse on ASAE 
Program 


HE Honorable True D. Morse, Under 
Secretary of Agriculture, will be prin- 
cipal speaker at a joint session of the Na- 


True D. Morse 


Under Secretary of Agriculture 
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tional Joint Committee on Grassland Farm- 
ing and the Power and Machinery Division 
of ASAE, Wednesday, June 20, at Hotel 
Roanoke, Roanoke, Va., during the 49th 
Annual ASAE meeting. 

As Under Secretary of Agriculture, Mr. 
Morse is second in authority to the Secre- 
tary. Also, as president of the Commodity 
Credit Corporation, he heads the multibil- 
lion dollar corporation responsible for the 
direct price support programs and _ related 
activities of the Department. 

Mr. Morse is a member of the President's 
Advisory Board of Economic Growth and 
Stability. He headed the United States dele- 
gation in negotiating the renewal of the 
International Wheat Agreement; also in 
negotiating the International Sugar Agree- 
ment in London (1953). 

Prior to coming to Washington in Jan- 
uary, 1953, he had been in the farm man- 
agement and agricultural service business 
for 26 years, and his work had taken him 
into all parts of the United States and into 
Canada. Mr. Morse was president of the 
Doane Agricultural Service, Inc., and before 
resigning from that organization to take his 
present post had been elected chairman of 
the board. He was editor of the Doane 
Agricultural Digest from its origin in 1938 
until 1953. 


Virgil Overholt Elected Fellow 
of ASAE 


4 tn Council of ASAE recently elected 
Virgil Overholt to the grade of Fellow 
in the Society. 

Virgil Overholt was born in 1889 and 
graduated with a BS degree in agricultural 
engineering from Ohio State University in 
1915. He began his work in water man- 
agement as an extension specialist at Ohio 
State in July of that year. After two years, 
he entered the U.S. Army as a private in 
artillery and served 20 months of which 
thirteen were overseas. He was discharged 
as a first lieutenant. After discharge, he re- 
sumed his work at Ohio State University as 


(Continued on page 440) 
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Florida Agricultural 
berger, 
Glover, 


Newly-elected officers of the Florida Section of ASAE: 
Clarence J. Rogers, University of Florida, treasurer; J. Mostella Myers, 
Experiment Station, 
Food Machinery and Chemical Corp., 
Douglas Fir Plywood Assn., 


(left to right) 


secretary; Walter J. Eichel- 
chairman; Herman W. 


vice-chairman; and John W. 


Randolph, Everglades Experiment Station, vice-chairman 
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With the ASAE Sections 


Pennsylvania Section 


Arthur W. Clyde, who will retire soon, 
after 25 years service in the department of 
agricultural engineering at Pennsylvania 
State University, was honored in a surprise 
tribute during the banquet program of the 
Pennsylvania Section meeting held at the 
Eutaw House, April 12. A bronze plaque, 
mounted on walnut, honoring Mr. Clyde's 
contributions to the development of agri- 
cultural engineering, was presented by H. 
H. Nuernberger, chairman, in behalf of the 
Pennsylvania Section. A set of tools for 
working with both metals and wood was a 
gift from the agricultural engineering 
alumni at Pennsylvania State University. 

A framed portrait of Mr. Clyde was pre- 
sented by the Pennsylvania Student Branch 
of ASAE and is to be added to the portraits 
hanging in the agricultural engineering 
building. John E. Nicholas, a colleague of 
Mr. Clyde's for most of his teaching career, 
presented a bound volume of more than 
100 testimonial letters from friends and 
associates. 

Many interesting papers were presented 
during the two-day Section meeting on the 
Pennsylvania State University campus. On 
Thursday afternoon, April 12, an activity re- 


port on Pennsylvania farm electrification 
council was presented by Roy Smith. It 
was followed by a progress report on han- 
dling and processing grain on the farm, by 
Ralph P. Prince. A panel on trends in mer- 
chandising specialty farm equipment was 
presented by L. S. Singley, West Penn Power 
Co.; D. C. Sprague, GLF Farm Supplies; 
and J. B. Stere, New Holland Machine Co. 
Following the panel discussion, William C. 
Wenner, Jr., Northwestern Rural Electric 
Co-op, spoke on a farm wiring improvement 
program. A paper on principles of flood 
prevention design was presented by Joseph 
Bornstein, U.S. Soil Conservation Service, 
and F. W. Peikert, head, department of 
agricultural engineering, Pennsylvania State 
University, concluded the Thursday program 
with a paper on design of irrigation systems. 

On Friday morning, April 13, John 
Walker, extension agricultural engineer, 
spoke on design of pole structures. A. E. 
Cooper, extension agronomist, spoke on 
forage crops and football. A business meet- 
ing followed. 


Florida Section 
Walter J. Eichelberger, sales engineer, 
Food Machinery and Chemical Corp., was 


Arthur W. Clyde was honored in a surprise testimonial at a recent ASAE Pennsylvania Section 
dinner. (Left) Mr. Clyde, at left, receives a bound volume of more than 100 testimonial letters 
written by friends and associates. The presentation was made by John E. Nicholas, long-time 
colleague. (Right) H. H. Nuernberger, chairman, Pennsylvania Section, presents Mr. Clyde with 
a bronze plaque mounted on walnut, honoring his contributions to the development of agricultural 


engineering, as a gift from the Section. 


B. P. Hess, in center, served as toastmaster 


elected chairman of the Florida Section 
during a meeting, April 20 and 21, at the 
University of Florida student service center, 
Gainesville. Other new officers included 
Herman W. Glover, Douglas Fir Plywood 
Association, John W. Randolph, Everglades 
Experiment Station, and Louis C. Brenner, 
International Harvester Co., Jacksonville, as 
vice-chairman; C. J. Rogers, University of 
Florida, treasurer, and J. M. Myers, Florida 
Agricultural Experiment Station, secretary. 

Nearly 50 members were in attendance 
for the two-day affair. The Friday afternoon 
program included papers on aluminum for 
agricultural use by W. S. Ellis and W. L. 
Willis, Aluminum Company of America; 
types, grades and uses of plywood, by Her- 
man W. Glover, Douglas Fir Plywood Asso- 
ciation; the role of the electric co-op in farm 
electrification by E. N. Butler, Suwanee 
Valley Electric Co-op; progress report of the 
Florida Water Resources Study Commission, 
by David B. Smith, director; and irrigation 
for pasture by J. Mostella Myers, Florida 
Agricultural Experiment Station. Business 
meeting and election of officers followed. 

Guest speaker at the annual section din- 
ner, held Friday evening, was Albert Wass 
de Czege, agricultural engineer and author, 
who spoke on the agricultural engineer in 
Europe. 

During the Saturday morning program, 
Frazier Rogers, head, department of agri- 
cultural engineering, University of Florida, 
spoke on agricultural engineering at the 
University of Florida. J. A. Luscombe of 
the Southeast Cotton Ginning Laboratory, 
spoke on cotton ginning research in the 
Southeast. Automation in agriculture in the 
Florida Everglades was described by John 
W. Randolph of the Everglades Experiment 
Station. The final paper on the program was 
on potato harvesting and handling machin- 
ery, by John S. Norton, assistant agricultural 
engineer, University of Florida. 


Michigan Section 

Robert J. Alpers, sales engineer, Michigan 
Vitrified Tile Co., and president of the 
Michigan Vitrified Drain Tile Manufac- 
turers Assoc., was elected chairman of the 
ASAE Michigan Section at a meeting held 
April 20, at Dearborn Inn, Dearborn. Tom 
Wilkinson, Ethyl Corp., M. L. Esmay, 
Michigan State University, and Ralph C. 
Frevik, Tractor & Implement Div., Ford 
Motor Co., were elected vice-chairmen. 


At ASAE Michigan Section meeting held at Dearborn Inn, Dearborn, 
April 20. (Left to right) A. W. Farrall, head, agricultural engineering, 
Michigan State University; ASAE President Wayne H. Worthington; 
Robert .. Erwin, outgoing Section chairman; 
president of Ford Motor Co. and general manager of Tractor and Imple- 
ment Division; and Robert J. Alpers, sales engineer, Michigan Vitrified Vitrified Tile Co., chairman. 

Tile Co., newly-elected Section chairman 
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Newly-elected officers of the Michigan Section of ASAE: (Left to right) 
Clarence M. Hansen, Michigan State University, secretary; Thomas J. 
Wilkinson, Ethyl Corp., vice-chairman; Merle L. Esmay, Michigan State 
Irving A. Duffy, vice- University, vice-chairman; Ralph C. Frevik, Tractor and Implement 

Division, Ford Motor Co., vice-chairman; and Robert J. Alpers, Michigan 


The Michigan Section will serve as hosts 


for the Golden Anniversary meeting of ASAE in June, 1957 
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Clarence M. Hansen, Michigan State Uni- 
versity, was elected secretary. 

During the afternoon program, Harold 
E. Pinches, assistant director of farm and 
land management, U. S. Department of 
Agriculture, discussed the subject of man- 
agement engineering in agricultural prac- 
tices. J. M. Apple, mechanical engineering 
department, Michigan State University, dis- 
cussed time and motion analysis in product 
planning for industry and how it might re- 
late to the farm. H. J. Barre, consulting 
engineer, discussed the relationship between 
buildings and material-handling equipment. 

Wayne H. Worthington, president of 
ASAE, spoke on the importance of agricul- 
tural engineering, and pointed out that agri- 
cultural engineers, through the Society, 
provide a meeting place to collect, discern 
and dissimulate the problems of engineer- 
ing information in agriculture. He indicated 
also that a big educational program is neces- 
sary in order to further the establishment 
of the engineering profession in the minds 
of many. 

Irving A. Duffy, vice-president of the 
Ford Motor Co., and general manager of 
Tractor and Implement Division, was the 
speaker at the evening banquet. He dis- 
cussed the future role of the American 
farmer from the present period of surpluses 
to the time when increased population will 
demand top production from crop land. He 
mentioned that farm machinery developed 
for better working conditions and fewer 
hours, new structural materials, increased 
operator comfort, combining operations, 
agricultural chemicals, mechanical handling 
and push-button operation are illustrations 
of how agriculture can be improved to meet 
possible food shortages in the future. 


Alabama Section 

Lawrence Ennis, extension specialist in 
soil engineering, API, was elected chairman 
of the Alabama Section at a meeting held in 
Dothan, Ala., on April 20 and 21. J. F. 
Hixon, Alabama Power Co., was elected vice- 
chairman and William T. Cox, Alabama 
Extension Service, was elected secretary. 

Tours of the Dothan Oil Mill, Sunnyland 
Packing Co., and W. F. Covington Planter 
Works, highlighted the Friday afternoon 
program. At the Dothan Oil Mill, the 
group observed the process of extracting oil 
from peanuts and cottonseed and refining it 
for home use. At the Sunnyland Packing 
Co., the group had an opportunity to see 
how livestock is handled from the time 
it arrives at the packing plant until it is 
ready for the table. The complete manu- 


facturing process of a tractor-mounted 
planter from the raw material to the com- 
pleted product was traced in a conducted 
tour of the W. F. Covington Planter Works. 

Speaker for the Friday night banquet was 
Lyle Brown, extension specialist in visual 
aids, API, who gave an informative and in- 
teresting talk on the use of photography as a 
teaching aid. The Alabama Section also 
presented Hurst Mauldin with a gift in 
token of appreciation for his efforts as 
editor of the Alabama Agricultural Engineer. 

The Saturday morning program opened 
with a talk by W. F. Covington, in which 
he gave a brief resume of the development 
of the Covington planter. Oscar Floyd, Rus- 
sell-Daniel Irrigation Co., showed a film on 
the history and development of irrigation, 
and Douglas Johnston, John Blue Co., pre- 
sented a paper on the problems of metering 
anhydrous ammonia. 


Minnesota Section 


Arthur E. Kvamme, superintendent of 
building sales, Armco Drainage and Metal 
Products, was elected chairman of the Min- 
nesota Section at a meeting, April 26 in the 
agricultural engineering building on the 
farm campus, University of Minnesota, St. 
Paul. Curtis L. Larson, University of Minne- 
sota, was elected vice-chairman. Vernon M. 
Meyer, University of Minnesota, is the new 
secretary-treasurer. Eugene C. Meyer, Min- 
neapolis-Honeywell Regulator Co., and Fred 
W. Kesler, Rilco Laminated Products, Inc., 
were selected as director and alternate di- 
rector, respectively, to the Minnesota Fed- 
eration of Engineering Societies. A. M. 
Larson, Uhl Co., was elected as contribut- 
ing editor. The new nominating committee 
consists of K. W. Westerberg, E. R. Allred, 
and Burt E. Ryberg. 

ASAE President Wayne H. Worthington 
was speaker at the annual dinner preceding 
the business meeting. In the afternoon a 
tour of selected research projects in agri- 
cultural engineering was conducted. To 
conclude the afternoon program, a colored 
sound movie, entitled “Land of Plenty,” 
was shown. The film was produced on the 
Michigan State University Centennial in 
1955 showing the progress of agriculture 
during the past 100 years and the role of 
agricultural engineering in this develop- 
ment. 


Oklahoma Section 


A spring meeting of the Oklahoma Sec- 
tion was held at the U.S. Naval Ammuni- 
tion Depot, McAlester, Okla., April 27. 


Members of Alabama Section of ASAE who toured the Dothan Oil Mill, Sunnyland Packing Co., 
and the W. F. Covington Planter Works as part of a Section meeting held April 20 in Dothan 
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Fred R. Gray, Section chairman, from the 
U.S. Soil Conservation Service at Ada, pre- 
sided at the morning session. To begin the 
program the group was welcomed to the 
depot by Captain John W. Murphy, com- 
marding officer. Ed D. Rhoades, depot soil 
conservationist, pointed out some of the 
special problems in controlling erosion in 
the vicinity of ammunition storage struc- 
tures. One of the special requirements for 
the erosion control program on the depot 
is to maintain a vegetated cover on the 
earth-covered concrete magazines. 

A field trip in the afternoon provided an 
opportunity for the group to observe results 
of erosion control methods and to see 
special demonstrations of machinery and 
equipment being used for grading, sodding, 
fertilization, and watering. One of the 
interesting features of the afternoon pro- 
gram was a trip through one of the ammuni- 
tion buildings to observe workmen in pro- 
duction line operation of 40-mm shells. 


Ohio Section 


Truman Goins, assistant professor of agri- 
cultural engineering, Ohio State University, 
was elected chairman of the Ohio Section in 
a recent election of officers conducted by 
letter ballot. Robert C. Evans, International 
Harvester Co., was elected as vice-chairman, 
and Edwin Smith, Dayton Power and Light 
Co., was elected secretary-treasurer. 


North Atlantic Section 


A meeting of the North Atlantic Section 
will be held August 28, 29, and 30, at the 
new agricultural engineering building 
(Riley-Robb Hall), Cornell University, 
Ithaca, N. Y. 

The first half day will be devoted to topics 
of general interest to the entire membership. 
Freedom's need for the trained engineer will 


-be discussed by Dean S. C. Hollister of 


the Engineering College at Cornell. 

A joint farm structures and rural electric 
session is scheduled for August 28 for the 
presentation of such topics as animal shelter 
ventilation, farm apple storages, and recent 
research in potato storage ventilation and 
and handling equipment. 

Four concurrent technical programs are 
planned for the morning of August 29. 
Farm power and machinery topics are fuels 
and lubricants for farm machinery, potato 
harvester development in Maine, new trends 
in tractor tire design, fundamentals of radio 
active isotopes, radio active tracers in fer- 
tilizer placement, bearing applications for 
farm machines, and analysis of silage move- 
ments through a blower. The farm structures 
program includes the application of asphalt 
roofing products to low sloped roofs, an all 
plywood poultry house, the economic aspects 
of aluminum roofing sheets, and a report 
on poultry housing in the Northeast from 
the Northeast Technical Committee. The 
soil and water session will include such 
topics as rainfall intensities, irrigation re- 
quirements for New England as determined 
by rainfall and drought probability studies, 
hydrology as it applies to flood control, 
soil compaction, sub-soiling or deep tillage, 
consumptive uses of water, and statistical 
methods in hydrologic studies for flood 
prevention. 

The rural electric group have scheduled 
speakers on the subjects of a heated septic 
tank for disposal of dead chickens, experi- 
ences in crop drying, soil heating with 
electric cable, and betterment of farm wiring. 

(Continued on page 436) 
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Unmatched Grain-Saving Advantages 


FOR EVERY PROSPECT... give IH dealers 


SALES OPPORTUNITY UNLIMITED? 


McCORMICK® NO. 76 
Harvester-Thresher 


Popular 7-footer commands its class. Choice 
of 6- or 7-foot, direct cut or windrow pickup, 
30-bushel grain tank or bagging platform, 
pto or engine drive. 


McCORMICK NO. 140 McCORMICK NO. 141 
Harvester-Thresher Self-Propelled 
Favorite pull-type of Harvester-Thresher 


big-acreage growers. 
PTO orengine...9or 
12-foot for direct cut 
or windrow pickup. 


10, 12 or 14-foot. Also 
No. 2-141 Corn Unit, 
No. 141 Rice Special, 
No. 141 Hillside. 


There’s a model to match 
power, acreage and crop 


of every grower! 


This complete line of McCormick 
harvester-threshers—all with IH 3- 
point separation and double-shake 
cleaning—plus McCormick wind- 
rowers, offer every prospect unmatched 


McCORMICK NO. 161 . 
h . ‘ 
Self-Propelled ry sae Treg al Po rw grain-saving advantages... offer 
Windrower engine. Also No. 120 pull-type every IH dealer unlimited opportun- 


with 10, 12 or 14-foot platform. ities for greater sales! 


INTERNATIONAL HARVESTER 


y International Harvester products pay for themselves in use—McCormick Farm Equipment and Farmall Tractors ... Motor Trucks... Crawler and 
Utility Tractors and Power Units—General Office Chicago 1, Illinois 
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L. A. Murphy, member of ASAE since 
1936, was elected senior vice-president of 
Deere and Co. at a recent meeting of the 
board of directors. Mr. Murphy has been 
with Deere and Co. almost 34 years. He 
has been a director of the company since 
1937 and a vice-president since 1943. In 
his new appointment he will devote much 
time to long-range forward planning. 

7 


Walter M. Carleton, professor of agri- 
cultural engineering, Michigan State Uni- 
versity, has been appointed as assistant 
chief of the Agricultural Engineering Re- 
search Branch (ARS), U.S. Department of 
Agriculture, and will report for duty on 
July 9 at the USDA Plant Industry Station 
at Beltsville, Md. He will assist E. G. Mc- 
Kibben, chief of AERB, in planning, direct- 
ing and coordinating research projects in 
agricultural engineering, including farm ma- 
chinery, farm buildings, mechanical process- 
ing of raw farm products, and farm elec- 
trification. 

In accepting his new post, Dr. Carleton 
resigns from the agricultural engineering 
staff of the Michigan State University, with 
which he was associated for more than six 
years, as professor, as graduate student ad- 
visor, and as advisor for agricultural engi- 
neering research programs. 

Born in Coldwater, Kansas, he obtained 
a B.S. degree in agricultural engineering at 
Kansas State College in 1938, and an MS. 
degree at Iowa State College in 1946. He 
obtained his doctorate in agricultural engi- 
neering at Michigan State University in 
1948. He also served as a rural service engi- 
neer for the Kansas Power and Light Com- 
pany from 1938 to 1940, extension engineer 
at Kansas State College from 1940 to 1941, 
and instructor in agricultural engineering at 
that institution from 1941 to 1943. From 
1943 to 1945, he served as officer in the 
United States Navy having duty assignments 
in the United States and the Pacific area. 

Dr. Carleton is author and co-author of 
more than 20 publications covering widely 
varied fields in agricultural engineering and 
of a textbook on farm tractors, a work now 
in use in more than 30 colleges of the 
United States. 


William V. Hukill, farm buildings section, 
agricultural engineering research branch 
(ARS), U.S. Department of Agriculture, 
was recently awarded the National Civil 
Service League 1955 Merit Citation “in 
recognition of an outstanding career in the 
public service.” The league grants awards 
to ten career employees each year who ex- 
emplify their careers by “. . . competence 
and efficiency, character, and continuity of 
service.” 

Mr. Hukill has been on the agricultural 
engineering staff of the USDA for 32 
years. Since 1943 he has been stationed at 
Iowa State College, Ames, where he is cur- 
rently engaged in cooperative federal-state 
research studies concerning grain storage 
and conditioning. 

Mr. Hukill is a nationally recognized 
authority on refrigeration for the transporta- 
tion of fresh fruits and vegetables by rail, 
on engineering phases of apple storage prob- 
lems, as well as on storage of ear and 
shelled corn, wheat, grain sorghum, and soy- 
beans. He was responsible for finding the 
cause and cure for moisture concentrations 
that occur in masses of stored grain during 
weather changes and which frequently re- 
sult in deterioration of stored grain or seed. 
He also played a leading role in stimulating 
research to find efficient and economical 
methods of storing combine-harvested grain. 
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W. V. HUKILL W. H. KNIGHT 


William H. Knight, director of the Idaho 
farm electrification project, has been ap- 
pointed as head of the office of technical 
extension services in Washington State 
College’s Institute of Technology. He will 
also carry the title of associate engineer. Mr. 
Knight holds degrees in agricultural engi- 
neering from Washington State College and 
the University of Idaho. Following a year 
with the Washington Water Power Co., he 
joined the University of Idaho staff in 1947. 
He served as associate professor and asso- 
ciate agricultural engineer at the University 
of Idaho. He is a member of the National 
Farm Electrification Conference Research 
Committee and the Idaho Intra-Industry 
Farm Electric Utilization Council. 

- 


E. R. O'Neill, Jr., has been promoted to 
the position of manager, tractor product 
planning dept., and R. R. Owen has been 
named as manager, implement product 
planning dept., Tractor and Implement Div., 
Ford Motor Co. 


Mr. O'Neill, a native of Schenectady, 
New York, and a graduate of West Virgi- 
nia University, has been manager of the 
implement product planning dept. since 
October, 1955. He joined the company as 
a personnel representative in 1947, follow- 
ing five years of service with the U.S. Army 
Air Force during World War II. 

Mr. Owen, a native of Yuma, Arizona, 
and graduate of the University of Califor- 
nia, had been head of the agricultural engi- 
neering dept. of the Pineapple Research 
Institute at Honolulu, Hawaii, for the past 
six years. Prior to that, he was a technical 
service representative with E. I. duPont de 
Nemours and Co. 

e 


Glen D. McLaren has resigned his posi- 
tion as blockman for Allis-Chalmers Mfg. 
Co., and has taken employment as an agri- 
cultural engineer with the U.S. Soil Con- 
servation Service at Erie, Kansas. 


Ralph C. Hay has returned to the Uni- 
versity of Illinois after establishing and 
serving as the first head of the agricultural 
engineering department of the Indian In- 
stitute of Technology, West Bengal, India. 
Shortly after returning from India, he served 
on a temporary assignment as acting ICA 
coordinator for the University of Illinois. 
He is now back at his duties as professor of 
soil and water in the agricultural engineer- 
ing department. 

es 

Harrison C. Cornish, formerly farm serv- 
ice representative, the Connecticut Light and 
Power Co., has resigned to accept a posi- 
tion with the Central Hudson Gas and 
Electric Corp.. Kingston, N. Y. 


Robert P. Harbage has accepted a posi- 
tion with the New Idea Division of Avco 
Manufacturing Co. Previously he was em- 
ployed by the Proctor and Gamble Co. 


John H. Hough has taken a position in 
the technical department of the National 
Lumber Manufacturers Assoc., and will 
work out of the Association's New Orleans 
office. He will deal primarily with building 
code matters and the technical utilization of 
lumber. Previously he was assistant pro- 
fessor of agricultural engineering in the 
field of light-frame construction at Louisi- 
ana State University. Also for a period of 
two years, he served as field engineer for 
the Southern Pine Assoc. in New Orleans, 
developing manuals and technical informa- 
tion, working with contractors and archi- 
tects, and teaching short courses in timber 
construction at several universities. 

om 


Keith H. Hinchcliff has returned to the 
University of Illinois after serving for 
about two years as housing specialist in 
Djakarta, Indonesia. He will resume his 
activities as professor of farm structures in 
the area of farm housing at the University 
of Illinois. 

os 


Easley S. Smith has resigned his position 
as territory manager for The Oliver Corp., 
to become extension agricultural engineer 
at Virginia Polytechnic Institute to handle 
the farm machinery phase of the Virginia 
Extension program which includes work in 
the 4-H tractor program. 

. 


Paul E. Fischback, district extension ir- 
rigation engineer at Minden, Nebr., is now 
located at the University of Nebraska in 
Lincoln as an assistant extension agricultural 
engineer. 

e 

Harry B. Pfost, former division engineer, 
Green Giant Co., has accepted a position in 
the product planning and programming 
office, Tractor and Implement Div., Ford 
Motor Co. 


NECROLOGY 


Herbert H. Gee died from a heart ail- 
ment on March 24 while visiting his mother 
at South Hill, Va. He was born December 
6, 1925, and received a B.S. degree in agri- 
cultural engineering from Virginia Poly- 
technic Institute in 1950. He joined the 
VPI Agricultural Extension Service in 1953 
and served as assistant agricultural engineer 
in charge of the farm building plan service. 
From September, 1955, to the time of his 
death he was on educational leave to take 
graduate work at VPI. 
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RUSSELL, 


BURDSALL & WARD BOLT ANDB NUT COMPANY 


Technical-ities 
By John S. Davey 


What's the right 


torque for bolts? 


This is one of the toughest ques- 
tions we’re asked. Too many var- 
iable conditions, But the follow- 
ing may help. 


The bolt takes two stresses 
during wrenching: (1) Torsion, 
(2) Tension. Tension is what you 
want. Torsion is the necessary 
evil due to friction. Probably 
90% of applied torque goes to 
overcome friction. 


With the friction factor 
changed by lubrication, plating, 
etc., the torque needed to produce 
a given tension is hard to pre- 
dict. However, a useful empirical 
formula exists for normal fric- 
tion conditions. 


Inch-Ibs. Torque = 
0.2 x bolt diameter x bolt tension 


Many tests show that the 0.2 
torque coefficient is approxi- 
mately constant for the usual 
friction conditions, for all di- 
amciers, and for both coarse and 
fine thread. Average deviation is 
about 7%. But when are condi- 
tions “normal”? The only sure 
way to check torque is to set up 
a pilot assembly and try it out. 


In pilot testing for rigid joints, 
tighten a few bolts with torque 
wrench to failure, and then set 
torque at 75% of that load; or 
even at yield strength, since tor- 
sion component vanishes leaving 
bolt under tension only, which is 
well below ultimate strength. 


We’ve worked up curves giv- 
ing suggested torques for vari- 
Ous size bolts. Send for a copy. 


How to make a 
stronger joint 


From research on structural steel joined with high 
strength bolts come facts applicable to products: 


These bolts can be torqued to high tension for a 
large clamping force on joined members. Resultant 
friction overcomes shearing forces and prevents slip- 
page. The higher compressive forces also protect bolt 
holes from fatigue cracks. Moreover, the tighter the 
bolt, the less chance for loosening, and the less risk 
of bolt fatigue due to dynamic loading. 


High strength bolts are stronger in shear, too. In 
recent tests, rivets and “soft” bolts broke under ex- 
treme shear load; but high strength bolts didn’t — 
the joined steel failed first. 


APPLYING THE ADVANTAGES 


Since high strength bolts have 2 to 3 times more 
tightening strength than common bolts, smaller di- 
ameter bolts can be used. As discussed above, these 
make a stronger joint; also weigh and cost less. 

Along with good joint design, it’s important that 
fasteners used can meet requirements. For example: 
A manufacturer designed vibrating machinery for 
high tensile bolts, but it was assembled with low 
carbon bolts. Joints failed. RB&W high carbon bolts 
with hardened washers solved the problem. 


Moral: Specify even your standard fasteners. 


RB&W selects the proper grade of steel to give 
“Empire” high strength fasteners the precise bal- 
ance between tensile strength and ductility. 


Feel free to call on RB&W for help in selection 
and use of standard, low cost fasteners. 


ccc Be 


ai eGR Rl at cect 


Three radial dashes on bolt head 
denote a high strength bolt. The 
“E" identifies Empire bolts, an 
RB&W trademark, These mark- 
ings assure highest quality stand- 
ard fasteners with full strength, 
= uniformity of size and phys- 
icals. 


& 

Russell, Burdsall & Ward Bolt 
and Nut Company . . . plants at: 
Port Chester, N.Y.; Coraopolis, 
Pa.; Rock Falls, !Il.; Los Angeles, 
Calif. Additional offices at: Ard- 
more (Phila.), Pa.; Pittsburgh; 
Detroit; Chicago; Dallas; San 
Francisco. 


Silicon bronze fasteners combine desirable features 


developed. 
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Silicon bronze offers the highest conductivity of fas- 
teners able to withstand high stresses. It resists cor- 
rosion, stays free from season cracking, too. It makes 
ideal fasteners for electrical use where tensile strength 
is important; or for corrosive environments. 


One of the first to develop such fasteners, RB&W 
cold works them for tensile strength and for clean, 
well formed threads that don’t seize. Oval bolts, hex 
bolts and nuts and U bolts available. Specials can be 
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Adds Power Steering 

Allis-Chalmers Mfg. Co., Milwaukee, 
Wis., announces that power steering is now 
available for the Model WD.-45 tractor as a 
factory installation for dual or single front 
wheel or adjustable front axle types. In 
addition, power steering is also available as 
a field installation for Model WD-45 trac- 
tors in the hands of owners and also for all 
Model WD tractors produced since 1948. 


The new power steering system is a full- 
time hydraulic assist—as the steering wheel 
is turned, power steering goes into effect. 
The system is a hydraulic gear motor type 
and is equipped with a centering device 
which acts to return the steering wheel to 
neutral position. This is said to reduce 
tendency of front wheels to drift while driv- 
ing on the highway. 


Oil Seal Booklet 


Chicago Rawhide Mfg. Co., has released 
a new illustrated booklet which tells of an 
extensive advertising and promotion cam- 
paign planned by the company to inform 
owners of cars, trucks and tractors the im- 
portance of having their oil seals inspected, 
and worn seals periodically replaced. In 
addition to national magazine and network 
advertising, the company offers a compact 
and attractive display cabinet that also stores 
replacement oil seal sets. 


The booklet also describes a new front 
wheel oil seal installation tool. Included 
with the tool are 12 plastic converters to fit 
any size automotive oil seal. The converters 
also serve as gauges for measuring the wear 
on old seals. Copies may be obtained by 
writing to Chicago Rawhide Mfg. Co., Re- 
placement Division, Elgin, Il. 


New Model Forage Blower 


New Holland Machine Co., New Hol- 
land, Pa., has introduced a new forage 
blower, designated as Model 22. The new 
blower features a long, low feed table, 
leveler action, high capacity fan blades, and 
belt feed action. Feed table length and 


height permit feeding from either side. 


Scrapers check material build-up and heavy 
duck belt cleaners are used to keep silage 
from getting under the belt. An adjustable 
star wheel leveler evens the flow of ma- 
terial through a 338-sq in throat. The 
manufacturer reports that the blower can 
handle a 3-ton wagon load of silage in as 
little as 4 min, or a 3-ton load of chopped 
hay or straw in 5 min. 
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New Pressure Relief Valve 

Spraying Systems Co., 3201 Randolph St., 
Bellwood, Ill., has announced a new pres- 
sure relief valve for use on farm spraying 
equipment of all types. The new valve was 
designed to prevent clogging and plugging. 
Because of the large internal valve area, full 
flow from supply lines up to %4-in at normal 
pressures can be handled. Special inner rib 


— 


construction of the valve body is said to 
permit full flow of liquid around the shut- 
off piston, thereby preventing the salting 
out of such chemicals as fertilizer solutions. 
The piston assembly is mounted within the 
valve chamber and no gaskets are used as a 
part of the piston assembly itself. 

A double-spring arrangement provides a 
higher tension control spring at higher pres- 
sures and a lower tension spring at lower 
pressures. The new No. 6815 valves are 
supplied in brass or aluminum, with stain- 
less steel stem and springs. 


. 


— 


New Pull-Type Picker 


New Idea Farm Equipment Co., Cold- 
water, Ohio, has announced its new one- 
row, pull-type, No. 10 corn picker. Fea- 
tures of the new picker include an ear 
deflector at the upper end of the wagon 
elevator with tractor seat control; fewer 
grease fittings through use of replaceable, 


greaseless phenolic fibre bearings; and an 
easy-to-get-at bank of six lubrication points 
in a single group of extended fittings for 
greasing the upper husking roll bearings. 

For safety, a lever is provided at the rear 
of the picker for adjusting the snapping 
rolls and complete shielding around the 
PTO shaft extends all the way back to the 
main drive shaft. 


A new spring-loaded lifting mechanism, 
which raises and lowers the snapping unit, 
is controlled from the tractor seat. A com- 
pression spring allows the snapping unit to 
rise over ridges in the field and acts as a 
shock absorber to reduce bouncing when 
picking in uneven fields. A snap-on univer- 
sal joint provides easy coupling of picker 
power line to tractor PTO shaft. Both the 
PTO hook-up and the triangular hitch re- 
portedly will fit any tractor with ASAE 
standard PTO and drawbar. 


AGRICULTURAL ENGINEERING * 


LP-Gas Fuel Controller 


Garretson Equipment Co., Mt. Pleasant, 
Iowa, has introduced a new 2-stage LP-Gas 
vapor withdrawal fuel controller. The new 
controller, the Model KV, is designed for 
use on tractors, stationary engines, and other 
internal combustion engine applications. 
The unit can be used wit> either Butane or 
Propane, in systems using straight LP-Gas 
carburetors, adapters or spud-ins. It has the 


capacity to handle a wide range of engines, 
from the smallest internal combustion en- 
gine to those up to 180 hp, depending on 
the orifice used. It also has optional fuel 
outlets of % and ¥%-in NPT. 

The company states that the unit does not 
require an economizer or intake manifold 
line. Where it is advisable to use liquid 
withdrawal, the company also makes a 
Model K which is engineered to the same 
specifications as the KV, but it has a water 
jacket for heating the fuel. 


Corn-Combining Attachment 


International Harvester Co., Chicago 1, 
Ill., has introduced a new corn harvesting 
and shelling attachment for the McCormick 
No. 141 self-propelled combine. 

The corn unit, an adaption of the model 
2-ME corn gathering and snapping unit, is 
mounted to the front of the combine after 
the regular grain platform and certain other 
parts of the combine have been removed. 
The attachment is connected to the regular 
hydraulic lifting mechanism for raising and 
lowering the gathering unit. Mounting or 
dismounting the corn unit is said to require 
about an hour. 


" 
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In operation, the corn feeds in through 
the gathering and snapping units and is 
snapped off the stalk. The ears, husks and 
all, then are carried up the elevators into 
the combine between the cylinder bars and 
the concave. Most of the stalks feed 
through the snapping rolls and are left on 
the ground. Shelled corn is elevated to the 
grain tank or sacker on the _harvester- 
thresher. 

The company reports that this new ma- 
chine can deliver up to 200 bu of shelled 
corn per hour. Gatherers can be set to run 
at any desired height up to 35 in above the 
ground, and the hinged gathering points 
and center divider can be set to float freely 
along the ground level. 


(Continued on page 430) 
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How behind-the-scenes services make Link-Belt chain 
cmd i She 4 + *s ' 1 : : 
a credit to your machine 


— 


Broad facilities and 


2 experience are your 
~~ MD ___. _ alneemereemmmmm s assurance of quality 
a ee ae > Reape». ‘ Wr Peano. ~ - 

ee iy ee chain, correctly applied 


HE services illustrated below are part of 
feet exhaustive Link-Belt procedures that 
guide selection of the right chain for your 
machine. Link-Belt can make an unbiased 
recommendation because our line of chains, 
sprockets and attachments is complete. 
Every pertinent requirement is considered 
—horsepower, loading, fatigue life, speed, 
chordal action and many others. 

Next time you’re faced with a drive or con- 
veyor application, we will be glad to work 
with your engineers in solving all problems. 
Contact your nearest Link-Belt office for full 
information. 


er: Eee Pee FS fs) Meee eo. allie et ies ~ Paaited aa we vig +" ‘ 
It's Link-Belt double-pitch “AG” roller chain and Steel Link-Belt for the many power 
transmission and conveying jobs on this Allis-Chalmers Model 100 self-propelled ALL- 
CROP Harvester. The Link-Belt line includes cast, combination, forged and fabricated 


chains, roller and silent chain plus matching sprockets and attachments. 


~ Sl 
| : = a 
\ .* OO — => Se \ 4 
EXPERT ENGINEERING AND FIELD TESTING. Link-Belt’s engi- ACCURATE MANUFACTURE, Modern, specialized machines allow 
neering staff is unequalled in ability and experience. Working the economies of large-scale production. Continuous inspec- 
with equipment manufacturers in field tests, they can interpret tions safeguard tolerance and finish of every length of chain. 
needs based on chain performance under actual working con- With these extensive facilities, Link-Belt has ample capacity to 
ditions and make correct recommendations. meet your production schedules. 


CHAINS AND SPROCKETS 


13,963 
LABORATORY CONTROL. Every chain bearing the Link-Belt 
trade >————_ mark meets rigid uniformity specifications. LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Our modern laboratory continuously explores new refinements Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying 
to increase chain life. It is located adjacent to the world’s largest Factory Branch Stores and Distributors in All Principal Cities. Export Office: 


Pry York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, 


plant devoted to manufacturing drive and conveying chain. .S.W.; South Africa, Springs. Representatives Throughout the World. 
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New Products and Catalogs 
(Continued from page 428) 


Sugar Beet Harvester 


International Harvester Co., Chicago, IIl., 
has announced a new tractor-mounted sugar 
= beet harvester, the McCormick 34M-11. The 
new model can be mounted on the Farmall 
300 series of tractors, as well as the Farm- 
all 400, Super MTA, Super M, and the M 
series of tractors. 


. @ 
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Features of the new beet harvester include 
an adjustment that provides normal clear- 
ance for blades or puller wheels, or addi- 
tional clearance for puller wheels when har- 
vesting on beds. The drop-down hood on 
the elevator of the new machine has a limit 
chain for setting the hood in an intermediate 
position, in addition to the fully raised or 
lowered position, for directing beets onto 
the sorting belt as desired. 


Materials Handling Catalog 


The American Planter Co., Burr Oak, 
Mich., has published a loose-leaf catalog 
containing specifications for each model in 
its complete line of farm elevators, augers, 
P conveyors, silo loaders, bucket elevators, and 
Maximum power transmission efficiency is obtained self-powered hoppers. Also included is a 
when the center distance, in each case, is correct. sheet describing wagon boxes, wagon run- 
ning gears and an automatic feeder system 
for milking parlors or stanchion feeding, 


Center distances must be more than one half the diame- =< rete, yong — 

° ncluded in the line of elevators are the 
ter of both sprockets (otherwise the teeth would touch). Models 1000Z, all-purpose; 1000, utility; 
Best results are obtained when a center distance of 30 to 600, aluminum ; 2000, galvanized ; 2000 BX, 
50 times the pitch of the chain is used. Eighty times the essay + ged nh we gewrecatnmanglh meg 

: : ° . : . veyor; 6002, specialty belt conveyor, ° > 
pitch is considered maximum. For pulsating drives, the bucket elevator; 1500, barn and mow con- 
center distance should be shortened to 20 to 30 times veyor; 600Z, construction elevator ; 2000-C, 
the pitch. Chain sag should be equivalent to approximately builder's elevator, and 1000-C, light-duty 


industrial elevator. 

Of particular interest are the various serv- 
ices offered by the company in developing 
custom units of special manufacture and its 


2% of the center distance. 


ACME ENGINEERS OFFER FREE ADVISORY SERVICE. practice of contract manufacturing. On the 
Whatever the problem, Acme Chain Engineers are back cover is a handy scale to figure lift and 
always willing to lend a hand. Call direct to Acme length needs. 


for sound advice or field assistance. 


Mounted Spring Tooth Harrow 


FREE TEXT. Designers and engineers may write for 


a free copy of this 76 page chain text. It’s loaded Tractor and Implement Div., Ford Motor 
with chain data, specifications, illustrations and Co., Birmingham, Mich., has introduced a 
facts you should know about chain applications. new line of 2, 3 and 4-section spring-tooth 
Write ACME CHAIN CORP., Dept.9-C, Holyoke, harrows, designed to mount on all Ford 
Mass. tractors. 


Write or 

Call JE 2-9458 

for immediate 
delivery or 
engineering service. 


The new spring-tooth harrow line also is 
available in 2, 3 and 4-section units for use 
as pull-type implements. Units are avail- 
able with either pin type or ratchet depth 
adjustment levers. Each gang unit is ap- 
proximately 3 ft wide, making spring tooth 
harrows in widths of 6, 9 and 12 ft. 


(Continued on page 432) 
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‘MASSACHUSETTS 
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Importance of “{ 


Her See ae gee Ser ee 


Che Rule to be obscewd in this stable at all times 


TOWARD THE CATTLE, YOUNG AND OLD, 

1S THAT OF PATIENCE AND KINDNESS. 

A MAN'S USEFULNESS IN A HERD CEASES AT ONCE 

WHEN HE LOSES HIS TEMPER AND BESTOWS ROUGH USAGE 
MEN MUST BE PATIENT 

CATTLE ARE NOT REASONING BEINGS 

REMEMBER THAT THIS 1S THE HOME OF MOTHERS 

TREAT EACH COW AS A MOTHER SHOULD BE TREATED 
THE GIVING OF MILK IS A FUNCTION OF MOTHERHOOD 
ROUGH TREATMENT LESSENS THE FLOW 

THAT INJURES ME AS WELL AS THE COW 

ALWAYS KEEP THESE IDEAS IN MIND IN DEALING WITH MY CATTLE 


ce eh oS ae 


eres ee nee 


Modern milking parlor is located by road- 
side, has plate glass windows so visitors 
may watch cows being milked by ma- 
chines and see extreme cleanli- 

ness of milking stalls. 


Frank Bloomfield (right), manager of 
Norman's Kill Farm Dairy Company 
of Glenmont, N. Y., shows Texaco 
Man Howard Hasenbein spick-and- 
span cow stable. Milk goes from 
milking machines direct to cooler. 


Tue Norman’s Kill Farm Dairy the milk products sold in six states. 
Company of Glenmont, New York, Equipment includes forty-five 
has more than 200 head of registered _ trucks, four tractors, and three auxil- 
Guernseys on a farm of 500 acres. ary engines. All are powered by 


Eighty cows can be milked in 214 
hours in the modern milking parlor 
shown above. Location of the milk- 
ing parlor by the roadside has 
proved to be effective advertising for 


; aR: 
“Havoline is the only motor oil ever used in this 
tractor...and the tractor has been going 
strong now for 18 years,” B. E. Jauer (/eft), 
prominent farmer, near Robstown, Texas, 
tells Texaco Consignee Preston Dannelley 
(right). Havoline wear-proofs engines . . . is 
the best motor oil money can buy. 


Texaco Fire Chief, the gasoline with 
superior “Fire-Power” for low-cost 
operation, lubricated with Advanced 
Custom-Made Havoline Motor Oil 
and greased with Marfak lubricant. 


Neighborly on-time delivery service — that’s 
the kind farmers and ranchers appreciate 
and get from Texaco Consignees and Dis- 
tributors the country over. Texaco 
Consignee E. A. Hofman of Lynden, 
Washington, gets an order for Texaco 
products from Pete Van Zee of Lynden. 


LE MANNERS” 


stressed in Mikin 


So Caggotereongaeneeeesagy 


9 Parlor 


In Town or on the Highway — 
In all 48 states—Texaco Dealers will 
serve you well... with top octane Sky 
Chief gasoline, super-charged with 
Petrox, to give maximum power and 
reduce engine wear . . . famous Fire 
Chief at the regular price, both 100 per 
cent Climate-Controlled ... Advanced 
Custom-Made Havoline Motor Oil and 
Marfak lubrication. 


THE TEXAS COM 


=o 


Pf} 


DIVISION OFFICES: Atianta, Ga.; Boston 16, Mass.; Buffalo 9, N. Y.; Butte, Mont.; Chicago 4, Ill.; Dallas 2, Tex.; Denver 3, Colo.; Houston 2, Tex.; 
Indianapolis 1, Ind.; Los Angeles 15, Calif.; Minneapolis 3, Minn.; New Orleans 16, La.; New York 17, N. Y.; Norfolk 10, Va.; Seattle 1, Wash. 


Texaco Petroleum Products are Manufactured and Distributed in Canada by McColl-Frontenac Oil Company Limited. 
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STOW Flexible Shafts have effectively solved 
power take-off problems on both trucks and 
tractor-trailers. Large shafts, such as the 
1%” pictured above which transmits up to 
10 H.P., have proven their ability on power 
take-off applications more efficiently and 
with more trouble-free service... 
to operate pumps for petroleum, milk and other liquids; 
to operate conveyors for grain, coal; to operate 
compressors 0n refrigeration trucks. 


Diagram shows 
STOW power 
drive shaft instal- 
lation operating 
through 90° bend. 


Why not put Stow to work on your power drive problems? Stow Engineers 
are always at your service. i 


For complete engi- 
neering data and 
illustrations on STOW 
Flexible Shafting — 
Write today for FREE 
Bulletin 525. 


Write today for Bulletin 542 
and complete data on Power 
Take-Off drives. 
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New Products and Catalogs 
(Continued from page 430) 


Reversible Scoop 
Allis-Chalmers Mfg. Co., Milwaukee, 
Wis., has developed a two-way tractor- 
mounted 2 cu yd reversible scoop designed 
for the model WD-45 tractor. The 31-in 


wide scoop is made of heavy welded steel 
plate, fitted with a high-carbon cutting edge. 


The scoop is lowered into working position 
with the tractor’s hydraulic control lever. It 
is balanced on hardened steel pins for 
dumping when the roller-type latch is re- 
leased. When empty the scoop automatically 
returns to the latched position. A_ shield 
protects the latch from dirt and mud. 


Lumber Booklet 


The National Lumber Manufacturers 
Association has announced publication of a 
revised and illustrated edition of a 32-page 
booklet explaining the importance of the 
lumber industry in the American economy. 


The publication traces the growth of 
lumber manufacturing in the United States 
from establishment of the first sawmills in 
the early 1600's to its present-day status as 
one of the nation’s leading industries. 
Through text and pictures the reader is 
given a detailed account of sawmill opera- 
tions and lumber distribution practices. 

The booklet also includes a breakdown 
on lumber consumption and a report on 
progress made in forest management and 
log utilization. Single copies of the new 
edition are available from the Association, 
at 1319 18th St., N.W., Washington 6, 
D.C., at no charge. Additional copies are 
priced at 25 cents each. 


Mounted Two-Row Snapper 


New Idea Farm Equipment Co., Cold- 
water, Ohio, has announced a new 2-row 
mounted corn snapper. The company re- 
ports that without moving off his tractor 
seat, the operator can adjust the snapping 
rolls to meet weather and stalk variations 
for minimum plugging and shelling; adjust 


the ear deflector at the top of the wagon 
elevator for even distribution of ears in the 
wagon; raise and lower the snapping units 
hydraulically, and operate the clutch to dis- 
engage the wagon elevator when turning. 
An important safety feature is the new 
mounting ladder. The new No. 321 snap- 
per, which is the company’s first mounted, 
2-row model, reportedly will fit 18 different 
tractor models. 


(Continued on page 434) 
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FOR MINNEAPOLIS-MOLINE... 
PLOW PARTS BY 


PEORIA MALLEABLE 


Manufacturing plows equal to the Minneapolis- 
Moline reputation calls for high standards in 
parts production. A number of parts on the 2, 3, 4 
and 5-bottom Minneapolis-Moline Plows are Peoria 
Malleable castings — the castings that many lead- 
ing farm equipment makers choose to produce a 
quality product. 

Often a weldment or a forging can be replaced 
with a Peoria Malleable casting at a savings in pro- 
duction costs. At the same time, strength and dura- 
bility is maintained and looks may be improved. 

Write for complete facts. For a definite quota- 
tion, send specifications. There is no obligation. 


A big part of QUALITY is a QUALITY part 


he + 


chanenrcre Saceasin STANDARD OR PEARLITIC 


PEORIA MALLEABLE CASTINGS CO. 


FT. OF ALEXANDER ST., PEORIA, ILLINOIS 
FAMOUS FOR QUALITY 


~~ 
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New Products and Catalogs 
(Continued from page 432) 


Offset Forage Harvester 


Lundell Mfg. Co., Cherokee, Iowa, has 
designed a new forage harvester with a 
completely offset hitch. The new machine 
cuts a 58-in swath with 28 swinging knives 
which rotate on a central shaft. The tractor 
runs free of the crop being cut. 

The wheels on the rear of the harvester 
are adjustable to accommodate various grass 
and row crops. Hydraulic or manual control 
is optional and the spout is adjustable for 
delivery height of 9 ft, 8 in rear or 10 ft, 
4 in side delivery. 

The standard offset hitch is adjustable for 


Power-U 


ROMER Te 


hay crops, row crops or transport position. 
vested. The caster wheel attachment is 
Wheels do not trample the crop being har- 


available for use alongside trucks. With a 
motor mount, the chopper can be pulled by 
the same truck being loaded. 


Burlap Booklet 


The Burlap Council, 155 E. 44th St., 
New York 17, N. Y., has published a 16- 
page booklet, ‘entitled “New Uses for Old 
Burlap Bags.” The booklet, contains many 
practical ideas for uses of burlap in agri- 
culture as well as elsewhere. Many of these 
ideas were obtained through a contest re- 
cently conducted by the Burlap Council. 


New Tractor Series 


International Harvester Co., 180 N. 
Michigan Ave., Chicago 1, Ill., has an- 
nounced production of the new International 
600 series of tractors. The new tractor is 
equipped with hydraulic power steering, a 
large platform for the operator, crown-type 
fenders, complete cowl shielding, roller-type 
swinging drawbar, improved cold-weather 
starting for diesel engines, and a new in- 
strument panel. 


your 
equipment 


the 
‘Beofless” way 


You don’t need “beefy” bulk 
to get brawn . nor size to 
insure stamina. Built for the 
work you want them to do, 
sized to fit your equipment 
most readily, Wisconsin 
Heavy-Duty Air-Cooled En- 
gines offer a variety of design 
and performance advantages. 


eres" 
AON eerie eae aa aie NO 
aa 


exttta —_— 


The tractor is available either in gasoline 
or diesel models. It replaces the McCormick 
Super 9 and WR-9S series of wheel tractors. 

For operator comfort is a new foam- 
rubber-padded seat, double cushioned with 
a coil spring, and hydraulic shock absorbers 
to ease jars and jolts. This seat tilts back, 
can be adjusted forward and backward, and 
can be swung right or left out of the oper- 
ator’s way The large flat platform has a 
nonskid floor plate. A one or two-valve 
hydraulic system to control single, tandem, 
or multiple hook-ups is available. 


Portable Feed Mill 


Myers-Sherman Co. of Streator, Ill., has 
developed a new feed carrier portable proc- 
essor designed to grind all kinds of feed, 
mix with supplements, apply molasses and 
carry its own supply of supplements for 


Every Wisconsin Engine 
from the smallest to the big- 
gest has such features as ta- 
pered roller main bearings, 
forced lubrication, impulse-coupled rotary type high ten- 
sion outside magneto ... and the tight compactness 
provided by high capacity flywheel-fan AIR-COOLING, 
efficient from sub-zero to 140° F. 


Every Wisconsin Engine (3 to 36 hp.) has the inbuilt 
“lug-ability” to slug it out in the roughest company ... 
in construction service, railway-maintenance-of-way, ir- 
rigation and general farm service, on oil field utility units, 
truck refrigeration, materials handling or what have you! 


7toiShp. 15 to 36 hp. 


on-the-farm feed processing service. 


In this performance, Wisconsin’s advanced concept of 
heavy-duty engineering in a compact power package plays 
an important role in direct relation to the design and 
operating requirements of the original equipment builder. 


The processing equipment is assembled 
on a custom-built truck chassis, and has a 
platform on which a large supply of sup- 
plements can be carried. The new unit is 

BEER equipped with a 24-in hammermill for 

> WISCONSIN MQ MOTOR CORPORATION grinding grain, shelled corn, ear corn and 

: roughages. Mixing is taken care of by a 

s | horizontal feed mixer driven by a separate 

power unit. A molasses impregnator, com- 

plete with tank and heater is also part of 
the equipment. 


Pm $-188 brings you complete data. Write for it. 


; World's Lorgest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 5 


A 8719-1%,1AA 
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Quality that leads to customer 


satisfaction and repeat sales 


f>~ 


BALL BEARING UNITS — 


J 
SP IF CS a ORR EE EEE A Fae ae iin.) 


Today's competitive farm situation has brought about 
a greater demand for quality by the farmer in every dollar 
he spends. “Downtime” is as costly to the farmer as it is 
to industry. Experience has convinced him there is no 
substitute for quality and it is he who pays the price for 
“something just as good"’ through costly breakdowns, 
usually at the most critical times. Despite the progress 
made in farm equipment over the years, many machinery 
manufacturers still fail to take advantage of the benefits 
of quality anti-friction, self-aligning and pre-lubricated 
bearings. Shafts still turn in inadequate anti-friction or 
even simple sleeve bearings, resulting in inefficient power 
transmission and making it easy for dust and dirt to 
cause complete breakdowns. 

SEALMASTER Ball Bearing Units with their exclusive 
combination of features offer the farm machinery manu- 
facturer and the farmer trouble-free performance and 
long life for farm equipment — even under the most se- 
vere field conditions. 


WRITE FOR BUL- 
LETIN 454 TODAY! 


Ss E A LM A STE Rg B E AR I N GS A DIVISION OF STEPHENS-ADAMSON MFG. CO., 67 Ridgeway Avenue, Aurora, Illinois 
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NEW BULLETINS 


Spraying of Crops by Helicopter by 
W. E. Ripper. Reprinted from the Trans- 
actions of the Society of Engineers, Inc. 
(June, 1955). The 22-page illustrated bul- 
letin presents a thorough report on the fac- 
tors concerned with the use of the helicopter 
for applying chemical sprays. The bulletin 
explains the physics of spraying and con- 
tains valuable information on dispersion, 
dynamic catch, spray drift and special heli- 
copter sprayers. Hydraulic sprayers, spray 
blowers, mist blowers and fogging spray- 
copters are covered in separate sections of 
the bulletin. Also discussed are auxiliary 
equipment, economics and operation of 
spraycopters, and utilization. Reprints are 
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available at no charge by writing W. E. 
Ripper, vice-chairman, Fisons Pest Control, 
Ltd., Bourn, Cambridge, England. 

es 


Fifth Annual Report of the Nigeria Cot- 
ton Marketing Board (Season 1953-54) 
This report is the fifth and last annual re- 
port of the Nigeria Cotton Marketing 
Board. It reviews the operations of the 
board from November 1, 1953 to October 
31, 1954. It deals with such items as pro- 
ducer price policy, marketing arrangements, 
selling policy, review of the season’s opera- 
tion, development and research, and the 
board's accounts and financial position. 


Copies may be obtained from the Crown 
Agents for Oversea Governments and Ad- 
ministrations, 4, Millbank, London, or from 
the Department of Marketing and Exports, 
Lagos, Nigeria. Price 6d. 
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Contemporary Farm Houses, Flexiplan 
71204, Northcentral Regional Publication 
58, Illinois Agricultural Experiment Station 
Bulletin 600. (Copies available from Uni- 
versity of Illinois Press, Urbana, $3.50.) 
State agricultural experiment stations of 
Illinois, Indiana, Iowa, Kansas, Michigan, 
Minnesota, Missouri, Nebraska, North 
Dakota, Ohio, South Dakota, and Wiscon- 
sin, and the U. S. Department of Agriculture 
cooperating. The bulletin was prepared by 
M. R. Hodgell, under the direction of the 
Farmhouse Technical Committee (NC-9) 
of the Northcentral region, and published by 
the University of Illinois press. 

The 11x 17-in plan book contains the 
latest information regarding planning and 
construction of homes, selection of win- 
dows, storage space, heating, utilities, and 
lighting as well as outdoor planning and 
planting. 

The Flexiplan consists of 24 sections or 
divided sheets which pivot from plastic 
bindings at the outsides of the plan book 
and join in the center. Any one of the 
planned sections on the left side can be put 
together with any one on the right side to 
form a complete floor plan. A total of 576 
house plan combinations is possible and 
alternatives in choice of basement, garage, 
or porch offers more variations. 

e 

Materials Handling (second edition) by 
the editors of Successful Farming published 
by the Meredith Publishing Company, Des 
Moines 3, Iowa. The new edition has been 
enlarged and revised to include new de- 
velopments since the first printing in 1955. 
In addition to the sections on grain han- 
dling, hay handling, silage handling, water 
handling, manure handling, and materials 
you buy, that were included in the first 
edition, the new edition includes a beef 
feeding system that fits the cattle, how a 
farmer can double his herd size, how ma- 
terials handling principles work for one 
farmer, and an article on how equipment 
makes a poultry operation work. Copies 
mav be obtained from the Meredith Pub- 
lishing Company at 25 cents a copy. Quan- 
tity prices are available. 

7 

NIAE Bulletin. The following bulletin 
has been received recently from the Na- 
tional Institute of Agricultural Engineering, 
Wrest Park, Silsoe, Bedfordshire, England. 

Agricultural and Horticultural Engineer- 
ing Abstracts—Vol. VI, 1955, No. 4 Ab- 
stracts from World Literature. 


With the ASAE Sections 
(Continued from page 424) 


The afternoon and evening of August 29 
has been left open for optional recreational 
activities such as trips to the Corning Glass 
Works and nearby state parks and visits 
to local industries. A chicken barbecue is 
planned for the evening. 

An all-day feature program is scheduled 
for August 30 that should be of interest to 
all members. The engineer in today’s dairy 
farming will be the theme throughout the 
day. A few of the topics already listed are 
management engineering in agriculture with 
special reference to dairy farming, the 
dairy farmer and mechanical grazing, hay 
drying equipment, development of me- 
chanical metering equipment for silage un- 
loading, mechanical feeding in bunkers, 
new portable milker, hot water requirements 
on dairy farms, hay crushing, evolution of 
the dairy enterprise, loose housing vs. stan- 
chion barns, and zero pasture. 

The three-day-program will be brought 
to a close with the annual Section dinner 
and a short entertainment feature. 
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Gear Boxes 
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Ford Rotary Cutter mows a 5-ff. swath 


Ford Farming “Get More Done...at Lower Cost’ 


Cutter Gear Box 


Check These Warner 
Gear Box Features 


@ Automotive type gearing 


@ Carburized and hard- 
ened alloy gears 


®@ Anti-friction bearings 
throughout, individually se- 
lected for load 


®@ integrally forged gear 
and shaft 


® Malleable iron housings 
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‘Ford 6-ft. PTO Goals for all types of crops 


Whatever the implement, all Ford Farming equipment is designed and 
engineered to help the farmer “get more done . . . at lower cost.” 

The new Ford 6-ft. PTO-drive combine and the Ford heavy-duty 
rotary cutter are two good examples. Both are built for top perform- 
ance, low-cost operation, long life. 

And both are equipped with custom designed Warner Gear Boxes 
to transmit power efficiently and dependably, and to withstand heavy 
shock loads. Each gear box meets the special needs of the individual 
implement—yet both contain many common parts, thus providing sub- 
stantial savings in cost. 

What’s YOUR Gear Box Problem? 


If you have a gear box problem—for field cutter, combine, hay baler, 
forage harvester, corn picker, posthole digger, hammermill—turn it 
over to Warner Automotive. Our research and experience will save you 
time and money. No obligation, of course. 


WARNER AUTOMOTIVE PARTS DIVISION 


BORG-WARNER CORPORATION +« AUBURN, INDIANA 
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NEW BOOKS 


Farm Power and Machinery Manage- 
ment (laboratory manual and workbook, 
second edition) by Donnell Hunt. 143 
pages, 84x11 inches. Illustrated and In- 
dexed. The Iowa State College Press, Ames. 
$3.50. 

The manual was prepared as a workbook 
and laboratory manual for a collegiate course 
in the study of farm power and machinery 
and is designed for use with a lecture-recita- 
tion type of classroom study. Sections of the 
manual cover problem solving, machine efhi- 
ciency, costs of using farm machinery, till- 
age, seedbed preparation, cultivation equip- 
ment, machine calibration, performance 
efficiency, forage machinery, farm processing 
machinery, economics of machinery selec- 
tion, farm power, and the farm tractor. 

Well-chosen illustrations and schematic 
drawings present the student with a good 
visual background for the problems under 
discussion. Work sheets and laboratory ex- 
ercises are easy to read and handy to fill out, 
both in the classroom and in the field. 


Methods of Teaching Farm Mechanics 
(third edition) by V. J. Morford. Spiral 
ring bound, 126 pages, 8%x 11 inches. 
Illustrated. Burgess Publishing Co., 426 
South 6th St., Minneapolis 15, Minn. $3.50. 

The introduction of the manual explains 
that it was written specifically for use as a 
workshop guide for agricultural education 
students. The course content has been or- 
ganized so as to provide the student with 
practical training and experience in prepara- 
tion for the actual teaching of farm mechan- 
ics in the vocational agriculture program. 

The manual is divided into the following 
divisions: Planning the physical plant for 
teaching; selecting tools and equipment for 
teaching; planning the teaching program; 
selecting supplies for teaching; selection of 
teaching materials; and presentation of 


YOU’LL DO BETTER teaching demonstrations. 


Teaching demonstrations are outlined for 


P the fields of farm power and machinery, 
WITH U N j T . A 4 T t N G Ss i farm buildings and conveniences, soil and 
e water management, rural electrification, and 

farm shop work. 


We make no special claims to produce miracles with cast steel. Like Foundation Engineering by Rolt Ham- 

ses : ses : . mond. Cloth, 192 pages, 6 x 9 inches. Illus- 

competitive prune problems are similar . - equipment may differ conted dnd indeal. aieeahicel Likes, 

slightly . . it’s the end performance of the casting that counts! Inc., 15 East 40th St., New York 16, N. Y. 
$10.00. 

A little extra surveillance in process pays off quality-wise. Customers Soil mechanics and site exploration; 


F : : : . foundations for buildings, bridges, maritime 
receive better, cleaner castings . . meeting accepted specifications . . structures and precision machinery; and dif- 


and end up with a lower finishing cost. Less scrap . . less re-work . ficult problems of special interest are cov- 


: : ao ' ered in a practical and thorough manner. 
and less lost production time amounts to more than incidentals! Over 100 photographs and line drawings are 


, ‘ sed to illustrate and amplify the author's 
Standard carbon and low alloy steel castings, up to 150,000 psi pom St se and deecdgaen: 


tensile . . whatever your requirements, specify Unitcastings! Machine Design by Joseph Edward Shig- 


ley. Cloth, xiii+523 pages, 6x9 inches 
Illustrated and indexed. McGraw-Hill Book 
Co., 330 West 42nd St., New York 36, N.Y. 


P * $7.75. 
UNITCAST CORPORATION Toledo 9, Ohio A method of analysis or synthesis is in- 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec troduced in this book for the purpose of de- 


veloping the latent creative ability of the 
reader. This is accomplished by emphasiz- 
ing synthesis; by requiring the reader to 
make decisions and assumptions and to 
choose the method of analysis in solving 
the problems; and by suggesting how pres- 
ent methods of design and analysis can be 
improved. 

The book is written as a text for students 
in engineering. Part I is devoted to a study 
of the design of fundamental machine mem- 
bers and Part II applies the principles de- 
veloped in Part I. 


QUALITY 
STEEL 
CASTINGS 
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Combine Owners: 


Here’s how a built-in 


VEEDER-ROOT 
COUNTER 


_— helps you 4 ways! 
BI 4 
1. IN CUSTOM CO ight in the fel F t ti d cost 
Counts every bus ia or accurate counting (and cost-con- 
vesT. ; 
G THE HARVES" ly, pre- trolling) down on the farm, Veeder- 
= nee te tally tells the yield ee. g) ; ’ 
The ae gaments bet een landlor Root makes a complete line of count- 
vents ar . me 
IN FARM STORAGE. grain in the correct ers which are built into tractors, hay 
> Permits storing OF = balers, grain drills and combines. Get 
amounts. the facts whether you make, sell, buy or 
4. \N YIELD VERIFICATION. or the ad- wey 


Helps check the —— . use farm equipment. Write for bulletin. 
uummer a . 
vantages of § 


VEEDER-ROOT INC. e 
“The Name That Counts” 


HARTFORD 2, CONNECTICUT 
549 WASHINGTON BLVD., CHICAGO 6 


. Tel: State 2-6283 
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NEWS SECTION 


Overholt Elected ASAE Fellow 
(Continued from page 422) 


extension specialist and has been in this 
position since that time except for leaves of 
absence for professional improvement. In 
1921 and 1922 he took advanced studies in 
drainage and hydraulics at the University 
of Wisconsin, and in 1939 took advanced 
work in the Ohio State University graduate 
school. 

Of his many achievements in the soil and 
water field, several are outstanding. He has 
been instrumental in pioneering and de- 
veloping improved farm drainage practices 
in Ohio over the past 40 years by effective 
teaching and practical demonstrations. As 
early as 1920, he initiated a program of 
erosion control at a time when there was 


ROCKFORD POW- 
ER TAKE-OFFS 
are designed for 
generous overload 
capacity within 
the fields of serv- 
ice recommended 
by Rockford 
Clutch engineers. 


facing wear on this 400 
H. P. diesel powered, 
electric dynamometer. 
Let ROCKFORD engi- 
neers utilize this ma- 
chine to improve your 
heavy-duty power 
transmission controls. 


ducers are tested for torque, engaging pressure, release, 
temperature, gear strength, bearing endurance and clutch 


ROCKFORD 
Clutch Division 
BORG-WARNER 


1325 Eighteenth Ave.,Rockford, Ill. 


little interest in the conservation of soil and 
water. He has made an outstanding contri- 
bution to the development of safe and ade- 
quate water supply and waste disposal 
systems on Ohio farms. Early in his exten- 
sion career he instituted a program of 
farm pond development to augment farm 
water supply. His activities in the field of 
irrigation span his extension career begin- 
ning with vegetable crops and expanding in 
recent years to field crops. He has served as 
a consultant to various federal, state and 
local agencies, and trade associations. 


His outside activities have aided in many 
extension programs. He is a member 


of the Governor's Committee on Water Re- 
sources, the State Farm Bureau Committee 
on Drainage Legislation and Water Rights 
and the Farm Water Task Force of the Ohio 
State Forestry Association, and has helped 
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develop drainage criteria for the Ohio Turn- 
pike Commission. 

He has been chairman of the Soil and 
Water Division of ASAE and is at present a 
member of its Committee on Specifications 
for Design and Construction of Tile Drains, 
Committee on Surface Drainage, and Com- 
mittee on Interrelations of Highway and 
Agricultural Drainage. He is the author of 
many papers in his field and has presented 
several papers at ASAE meetings. 


EJC Proceedings Available 


HE 1956 proceedings of the general 

assembly of Engineers Joint Council, 
with which ASAE is now affiliated as an 
“associate society,’” are now available. 

The 68-page publication is a complete 
transcript of a two-day meeting devoted to 
the following four subjects: Technical Man- 
power and the Reserve Forces Act of 1955, 
Extending Engineering Manpower by Util- 
izing Balanced Teams of Engineers and En- 
gineering Technicians, Growth Pattern of 
the Engineer, and The Hoover Commission 
Reports — A Review of the Engineering 
Aspects. 

Anyone interested can obtain a copy of 
these proceedings at $1.00 each from Engi- 
neers Joint Council, 29 West 39th St., New 
York 18, N. Y. 


ACAPA Elects New Officers 


J J. SEALE, Concrete Conduit Co., Col- 
* ton, Calif., was elected president of the 
American Concrete Agricultural Pipe Asso- 
ciation during the Association’s 6th annual 
convention held at the Brown Palace Hotel 
in Denver, April 12 to 14. Other officers 
included Bruce N. Spencer, Jr., Gifford-Hill- 
Western, Inc., and Homer Peterson, Rockite 
Silo, Inc., vice-presidents; Glenn Harriman, 
Indiana Lock Joint Concrete Pipe Co., sec- 
retary, and William B. Freeman, Lock Joint 
Pipe Co., treasurer. Directors are Earl H. 
Eby, Elk River Concrete Products Co. G. D. 
Williamson, Valley Concrete Pipe Products 
Co., and Charles E. Ward, Utah Concrete 
Pipe Co. 

The meeting was highlighted by two 
papers presented by engineers from the U.S. 
Bureau of Reclamation; by a paper presented 
by Philip W. Manson, professor of agricul- 
tural engineering, University of Minnesota, 
and by an interesting technical discussion of 
a new specification for irrigation pipelines 
by Arthur F. Pillsbury, University of Cali- 
fornia, Tyler H. Quackenbush, irrigation 
engineer, Washington, D. C., and Lester F. 
Lawhon, engineer, Soil Conservation Service, 
USDA. 

James E. Mandry, assistant head, canals 
and pipe line section, U.S. Bureau of 
Reclamation, spoke on full-pressure concrete 
pipe distribution systems. Lewis H. Tut- 
hill, chief, laboratory, U.S. Bureau of Rec- 
lamation, spoke on some aspects on con- 
trol and behavior of concrete. Philip W. 
Manson, recently named chairman of a com- 
mittee of the American Society for Testing 
Materials to supervise and recommend re- 
visions to specifications for concrete irriga- 
tion pipe and concrete draintile, discussed 
junction studies that have been made at the 
University of Minnesota. He suggested the 
use of a hydrostatic test to determine the 
quality of tile in addition to or in place of 
some of the present tests. He did not sug- 
gest breaking the tile by this means but 
rather to determine its resistance to the 
passage of water under head. 

Mr. Quackenbush urged cooperation be- 
tween the American Concrete Agricultural 
Pipe Association and the U.S. Soil Conser- 
vation Service engineers in the development 
of specifications for the installation of con- 
crete irrigation pipe lines. 
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Look at the farmer’s home... 


you'll see why it’s easier to sell a gasoline tractor. 


Like everything else, the maintenance of the farmer’s home takes an important share 
of his yearly income. When he gets ready to buy a new tractor, he often must figure 
the cost against money needed for home repairs or furnishings. 


That’s why you'll find the lower purchase price of a gasoline tractor often can 
clinch a sale for you. With the money saved, the farmer can have his tractor and 
his home improvements, too. 


But lower initial costs are not the only reason why a gasoline tractor is easier for 
you to sell. Today’s gasoline tractors deliver more power than ever before. They 
offer greater all-round convenience . . . easier maintenance . . . and top trade-in 
value in the tractor field. 


So think of the farmer’s home . . . and you'll find your selling job easier. 


ETHYL CORPORATION 


NEW YORK 17, N. Y. 
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Applicants for Membership 
The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Anderson, Joseph D. — Student, University 
of Idaho (Mail) Genesee, Idaho 


Barrett, John R., Jr. — U.S. Army (Mail) 
625 Summers, Dyersburg, Tenn. 


Bell, Donald H.— Bell Engineering Co., 
RR 2, Box 236, Lake Worth, Fla. 


Benanchietti, Omero E.—Application engi- 
neer, General Electric, Fort Wayne, Ind. 
(Mail) 6106 Kent Road 


with the stamina it takes 


for agricultural use 


Bobb, James E.—Farm administrator, Mil- 
ton Hershey Farms, Hershey, Pa. (Mail) 
278 E Chocolate Ave. 


Brockett, Glenn S.—Development engineer, 
Massey-Harris-Ferguson Ltd. (Mail) 73 
Scarboro Hts. Blvd., Toronto 13, On- 
tario, Canada 


Brown, Ernest E.—General engineering aid, 
USDA, agricultural engineering dept., 
Michigan State University, (Mail) 902-A 
Birch Road, East Lansing, Michigan 


Carson, William M., Jr. — John Deere 
Waterloo Tractor Works, Waterloo, lowa 
(Mail) 687 W. Butterfield, Weiser, Idaho 


Clausen, Howard F.—Product design engi- 
neer, John Deere Wagon Works, Moline, 
Illinois 


Here are your kind of gauges. They bring 
you not only that time-honored Marsh 
precision and accuracy, but also a proven 
ability to stand up and stay accurate under 


Correll, Ronald G.—Student, University of 
Idaho, Moscow, Idaho (Mail) PO Box 89 

Dailey, Carl W.—Student engineer, John 
Deere Harvester Works, East Moline, III. 
(Mail) Box 332, YMCA, Moline 

Darnell, Millard K. — Training program, 
Caterpillar Tractor Co., Peoria, III. 
(Mail) Minier 

De Klerk, Andre—Lieutenant, building de- 
sign and administration, H.Q. Unit, 
Pretoria, South Africa (Mail) 203 Eland 
House 

Dearborn, Richard H. — Sales manager, 
Storm Manufacturing Div., Western Brass 
Works, Torrance, Calif. (Mail) P.O. 
Box 292 

Duffy, Irving A. — Vice-president, Ford 
Motor Co., General manager, Tractor & 
Implement Div., 2500 E. Maple Road, 
Birmingham, Michigan 

Easley, Bob L. — Agricultural engineer, 
Branch of land Operations, Crownpoint, 
New Mexico (Mail) General Delivery 

Farnan, Edward H., Jr. — Engineering 
trainee, Caterpillar Tractor Co., Peoria, 
Ill. (Mail) 756 Forest Ave., Larchmont, 
New York 

Hammond, George B. — Project engineer, 
Lilliston Implement Co., P.O. Drawer 
871, Albany, Ga. 

Hartman, Mark K.—Director of sales and 
public relations, Western Farmers Elec- 
tric Cooperative, Box 510, Anadarko, 
Okla. 

Haynes, Howard D.—Agricultural repre- 
sentative, Caterpillar Tractor Co., Sales 
Development Div., Peoria, Ill. 

Hett, George M. — Manager and major 
shareholder, George Hett Ltd., 3623 W. 
Broadway, Vancouver 8, B.C. 

Hoppert, Frederic M.—Staff assistant, In- 
land Steel Products Co., 4101 W. Burn- 
ham, P. O. Box 393, Milwaukee 1, Wis. 

Hussey, William D. — Owner, Superior 
Pump and Sprinkler Service, 7153 Hussey 


— 60 Ib. 
SS ammonia gauge 


Drive, Carmichael, Calif. 

Kindle, J. J.—Design engineer International 
Harvester Co., East Moline Works, East 
Moline, Illinois 

King, Verl G.—Agricultural engineer, U.S. 
Dept. of Agriculture, SCS, Burdette Bldg., 
Walnut St., Shoshone, Idaho 

Kittridge, Charles W.—Extension market- 
ing assistant, Maine Agricultural Exten- 
sion Service, University of Maine (Mail) 
Box 752 Postoffice Bldg., Presque Isle, 
Maine 

Leonard, Ronald K.—Product design engi- 
neer, John Deere Des Moines Works, 
(Mail) RR 3, c/o O. W. Reinholz, Ames, 
lowa 

Lindquist, John F. — Student, Kansas State 
College (Mail) 2630 Virginia, Topeka, 
Kans. 

Musser, Earl C.—Designer, Allis-Chalmers 
Mfg. Co:, Gadsden Works (Mail) 2009 
Lookout St., Gadsden, Ala. 

Miller, Henry A. — Agricultural engineer, 
Soil Conservation Service, Dadeville, Ala. 
(Mail) P.O. Box 526, Decatur, Ala. 

Miller, Noel H. — Sales engineer, Moline 
Manufacturing Co., Racine, Wis. 

Moseley, Yack C.—Graduate assistant, agri- 
cultural engineering dept., Oklahoma 
A & M College, Stillwater, Okla. 

Murphy, J. A.—Instructor of farm machinery 
courses, agricultural engineering dept., 
Clemson Agricultural College, Clemson, 
South Carolina 

Nitsch, Milton W.—Student, Texas A & M 
(Mail) Box 942, Fairbanks, Texas 


toughest conditions. 

In the Marsh Type AA series you have 
the one line of pressure gauges designed 
expressly for agricultural ammonia appli- 
cations. And in the broad, respected line 
of Marsh Gauges you will find the best 
answer to any crop sprayer or other pres- 
sure gauge needs. 

Note the accompanying facts covering 
Marsh Gauges; then 


Designed for Agricultural 


Ammonia Needs 


These gauges typify the Marsh 
Type AA series of 212” gauges: 

A 60-Ib. and 150-lb. gauge 
for ammonia metering devices 
—both have accurate one- 
pound readings. 

A 300-lb. and 400-Ib. gauge 
for bulk plants. Also com- 
pound gauges— 30” x 150 
Ibs. and 30” x 300 Ibs. 

All Type AA gauges are 
corrosion resistant throughout, 
moisture and dust resistant, 
easy to read, and, above all, 
built for lasting accuracy. 


Ask for Complete Details 
MARSH INSTRUMENT COMPANY 


Sales affiliate of Jas. P. Marsh Corporation, 
Dept. 20, Skokie, Ill. 


Marsh Instrument & Valve Co. (Canada) Ltd., 
8407 103rd St., Edmonton, Alberta, Canada 


CROP SPRAYER 
GAUGES 


This Marsh Type IDP is suit- 
able for any pressure medium 
that will not deteriorate brass. 
Ranges for all sprayer appli- 
cations. In the broad Marsh 
line there is a gauge for every 
service. 


400 Ib. O'Harrow, David D.—Student, University of 
SE Idaho (Mail) RR 1, Twin Falls, Idaho 
(Continued on page 444) 
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How big 
should 

a farmer's 

toolbox be? 


Ordinarily a look into a farmer’s toolbox would 
find an assortment of hand tools, some nuts and 
bolts, even an electric drill. Close by might be 
other hand and power tools too big for his toolbox. 
But there’s another set of farm ‘“‘tools” that has 
yet to be found in any farmer’s toolbox. And it 
belongs. The livestock buildings. 


Compared to mechanization of field work, mechani- 
zation in and around farm buildings is in its infancy. 
Most farmers who have abandoned the pitchfork for 
modern harvesting equipment will quickly admit to 
the back-breaking inefficiency of storing and feeding 
tons of harvested materials. 


The new grassland trend is to help reduce labor 
needs by using stock shelters as farm tools. Engineers 
and farmers are developing buildings for specific 
purposes. And they can be as flexible as an inter- 
changeable screwdriver handle. Best of all they keep 
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farm operations running smoothly and efficiently. 


The use of machines and gravity for easy handling 
of grains and forages depends on building design. 
Self-feeding arrangements in both buildings and ad- 
jacent feedlots can be streamlined with the right tools 
—the correct buildings—to work with. 


New Holland, in turn, continues to develop and 
build new and improved grassland machines that 
help ease the work in and around farm buildings— 
advanced machines like the Model 300 Spreader with 
the cross-conveyor attachment for automatic filling 
of horizontal trench or bunker silos and feed bunks. 


The New Holland Machine Co., New Holland, Pa. 


¢ 


443 


Ag 


se , cciitittie weenie en rn) ms io | 
aes 
| ee NPN 
: BOF Gr aan | \ 
3 me { ar: 
ma ; ates ~ 1 an \' 
i Ly eer Sal aS oY | 
' | A : a 7 ORS | 
” i? | < ’ eae i 
| Ws ir 
5 ws ee / 4» yh ag aa 
Sy —_— 4 
| Pa x Ze x ; i 
| baad Gf 
7 * \ a Se 
{ = e ly ez | 
: _—~ A r) Nyy = 
= Ae <a, // —— 
ss SEG 
| ee 
; | ‘‘First in Grassland F: Oe DEY 


Applicants for Membership 
(Continued from page 442) 


Parr, George W.—Graduate training course, 
Allis-Chalmers, Milwaukee, Wis. (Mail) 
6619 Fairfield, Houston 23, Texas 

Pascal, Sitri L.—Student, Utah State Agri- 
cultural College (Mail) 846 Thorn St., 
Sewickley, Pa. 

Petter, Johnnie A.—Production trainee, Ral- 
ston Purina Co., Ft. Worth (Mail) RR 2, 
West, Texas 

Rice, James R.—Student, State College of 
Washington (Mail) Box 246, Athens, 
Georgia 

Rodriguez, Edward C., Jr. — Safety super- 
visor, Cia. Shell de Venezuela, Ltd., 
Apartado 19, Maracaibo, Venezuela 

Schapaugh, Gordon B.—Sales manager and 
vice-president, Frank W. Murphy Mfgr., 
Inc., P.O. Box 1476, Tulsa, Okla. 


AMERICAN 
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Sherman, George L.—State conservation en- 
gineer, U.S. Dept. of Agriculture, SCS, 
Raleigh, N.C. (Mail) 3428 Leonard St. 


Shipley, Henry—Chief engineer, Salt River 
Valley Water Users Assn., Phoenix 
(Mail) 328 Kachina Lane, Scottsdale, 
Arizona 


Smith, Harold |. — Assistant secretary and 
sales manager, John Deere Plow Co., 
San Francisco, Calif. (Mail) 6367 Ascot 
Drive, Oakland 

Snyder, William L.—Student engineer, John 
Deere Waterloo Tractor Works (Mail) 
203 N. Olive St., Lake City, lowa 


Staley, Leonard M.—Graduate student, agri- 
cultural engineering dept., University of 
California, Davis, Calif. (Mail) Apt. 
0-10 Aggie Villa 

Van Camp, James D.--Student, Agricultural 
Engineering Dept., West Virginia Uni- 
versity, Morgantown, W. Va. 


Phone Van Buren 6-0800 


SPRING & WIRE 
SPECIALTY CO. 


Manufacturers of All Type of Coil and Flat 


Springs, Wire Forms, Single and Double Rake 
Teeth and Light Stampings 


816-848 N. SPAULDING AVENUE 
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Van Houten, Peter F.—Graduate trainee of 
design engineering, Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. (Mail) Campus 
Club, University of Idaho, Moscow, Idaho 

Wilkinson, George T.—Farm representative, 
The Washington Water Power Co., 
Lewiston, Idaho (Mail) 728 Burrell 

Williams, Larry G. — Student, agricultural 
engineering dept., University of Idaho 
(Mail) RR 2, Moscow, Idaho 


Transfer of Membership 


Barnell, L. C. — Product design engineer, 
Goodyear Tire & Rubber Co., Lincoln, 
Nebr. (Mail) 1525 S. 44th St. (Associate 
Member to Member) 

Bhattacherjee, B. K. — Assistant agricul- 
tural engineer, Government of West Ben- 
gal, New Block, 2nd Floor, Writers’ 
Bldgs., Calcutta 1, India (Associate Mem- 
ber to Member) 

Parker, Blaine F. — Assistant professor, 
agricultural engineering dept., North 
Carolina State College, Raleigh, N.C. 
(Associate Member to Member) 

Simpson, Albert N., Jr.—Agricultural engi- 
neer, Lewis and Co., 120 Wall St., New 
York, N. Y. (Associate Member to 
Member ) 


PERSONNEL SERVICE 
BULLETIN 


Note: In this bulletin the following listings 
current and previously reported are not re- 
peated in detail; for further information see the 
issue of AGRICULTURAL ENGINEERING indicated. 
‘‘Agricultural Engineer’’ as used in these list- 
ings is not intended to imply any specific level 
of proficiency, or registration as a professional 
engineer. 


POSITIONS OPEN 1955 DECEMBER — 
O-476-786, 503-787. 1956—JANUARY—O-455- 
789, 534-790. FEBRUARY — 0O-4-601, 4-602, 
6-603, 12-604, 15-605, 29-606, 22-607. MARCH 
—O-60-608, 60-609, 71-611, 80-612. APRIL— 
O-105-613, 115-614, 117-615, 117-616, 119-617, 
127-618, 136-619. MAY—O-133-620, 155-621. 

PosITIONS WANTED — 1955 — SEPTEMBER — 
W-351-41. OCTOBER—W-398-45. NOVEMBER 
— W-429-51, 445-52, 450-53. DECEMBER - 
W-458--56, 486-57, 489-58, 480-59. 1956 
JANUARY—-W-457-60, 528-61, 529-62. FEB- 
RUARY W-8-1, W-18-5, W-30-6, W-37-7. 
APRIL—W-50-11, 101-12, 90-13, 96-14, 43-15, 
53-16. MAY—-W-125-17, 139-18, 143-19. 


NEW POSITIONS OPEN 

AGRICULTURAL ENGINEER for develop- 
ment and supervision of plans for buildings, 
ponds, irrigation systems, surface water con- 
trol, machinery and equipment, and other 
engineering features on 16 outlying branch 
experiment stations in a southeastern state. 
Age 25-30. BS deg ‘n agricultural engineering. 
Up to 3 or 4 yr of broad experience in agricul- 
turai engineering. Initiative in studying and 
solving engineering problems and ability to 
work with people. Good opportunity for ad- 
vancement, and for experience with many 
phases of engineering while performing an 
important service. Salary open. O-164-622 


RESEARCH ASSISTANT in agricultural en- 
gineering for cooperative project in evaluation 
of picking components of carding type peanut 
picker in a southeastern state. BS deg in agri- 
cultural engineering with ‘‘B’’ average or bet- 
ter. No experience required. Genuine interest 
in learning and in establishing fundamental 
relationships basic to the development of im- 
proved farm equipment and methods. Appoint- 
ment immediate or before September 1, for 2 yr 
to complete MS deg requirements. One-half 
time on scholastic work. Salary $1800-2100 
per yr. O-165-623 

AGRICULTURAL ENGINEER, assistant or 
associate professor, for teaching and research 
in farm structures in a northeastern state uni- 
versity. Professional service, and 2-yr courses. 
Proportion of teaching and research somewhat 
adaptable to individual's desires and abilities. 
Major research areas could be in potato stor- 
ages, poultry housing, or dairy housing. Age 
under 35. MS deg in agricultural engineering 
or equivalent, or BS deg and interest in ob- 
taining advanced degree. Teaching and research 
experience in farm structures. Must be able to 
meet and work well with others, and aggressive 
in developing structures research program. Ex- 
cellent opportunity in expanding department. 
Social Security, hospitalization, life insurance, 
and exceptional retirement program. Salary 


open. 0-166-624 = (Continued on page 446) 
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Patent No. 
2,621,078 


World famous nozzles for boom 
and portable sprayers. Choice 
euiesa te. of over 400 interchangeable 
2,619,388 orifice tips in flat spray, cone 
and straight stream types. 
Write for Catalog 30. 


Spray up to 66 feet wide 
with one assembly. For 
spraying grains, grasses and 
liquid fertilizers. Write 

for Bulletins 66 and 71. 


Patent Pending 


Adjustable spray by trigger 


for Bulletins 65, 69 and 80. 


SPRAYING SYSTEMS CO. 


3226 Randolph Street . Bellwood, Illinois 


Who Should Join ASAE 


If any one of the following descriptions covers 
your present work: 


© Development, design, and application of 
farm tractors and implements and their 
components 


e Design and improvement of farm buildings 


e Engineered improvements for soil and wa- 
ter conservation and use 


e Creating applications for electricity in farm 
practice and living — 


then you can derive much benefit from member- 
ship in ASAE, and the Society cordially invites 
you to make application. For further informa- 
tion write 


AMERICAN SOCIETY OF 
AGRICULTURAL ENGINEERS 


St. Joseph, Michigan 
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for broadcasting 


action or rotating handle. For 
pressures up to 800 lbs. Write 


Pressed Tank 
aosvator 


sige, hn by offers 


More Strength! 
Less Weight! 


Better Performance! 


wenind H 


1. Fin design gives sufficient 
air turbulence for maximum 
heat transfer. 


2. Double lockseam tube pro- 
vides strong backbone for 
entire core. 


3. Die-formed header; rein- 
forced 1-piece, heavy duty 
brass top and bottom tanks. 


4. leakproof assembly with 
double-grip, 2-way header 
with lapped joint solder 
sweated to tanks. 


5. Full wrap around type 
terne plate side members se- 
cure tanks, headers and core 
as one piece. 


6. Fabricated brass inlet and 
(7) outlet. Maximum flow 
area, minimum resistance to 
coolant circulation. 


8. Neck for pressure type cap. Safe; no 
water loss from after-boil. 


9. Overflow tube. 


YOUNG Radiators are used wherever the going is tough. 
Creative engineering and exclusive features insure unbeat- 
able performance from Young-quality radiators. Their 
dependability and efficient cooling has been field proven 
in automobiles, tractors, trucks, busses and other mobile 
and stationary engines. The three-way team of Young 
research, Young engineering and Young production is re- 
sponsible for the high reputation of Young radiators in 
the automotive field. 


Put Young (Lit 


to work for you... 


Solving heat transfer problems is what we do 
best because it is our very reason for being. You, 
too, can harness the power of Young engineering 
talent. Write, wire or call without obligation. 


Write Dept. 296-F 
for FREE aad 


RACINE, WISCONSIN 


Cueauire HEAT. TRANSFER ENGINEERS FOR INDUSTRY 


Heat Transfer Products for Autonfotive, Heating, Cooling, Air Conditioning Products 
Aviation and Industrial Applications, for Home and Industry. 


_ Executive Office: Racine, Wisconsin, Plants of Racine, Wisconsin, Mottoon, Mlinois— 
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Personnel Service Bulletin 
(Continued from page 444) . 


AGRICULTURAL ENGINEER, assistant pro- 
fessor, for research on crop harvesting and 
handling equipment and methods, with initial 
work on potatoes, in a northeastern state ex- 
periment station. Age under 35. MS deg in 
agricultural engineering or equivalent, or BS 
deg and interest in obtaining advanced degree. 
Interest in materials handling and machinery 
development. Experience in crop harvesting and 
handling desirable. Must be able to meet and 
work well with others. Excellent opportunity 
in expanding research program. Social Security, 
hospitalization, life insurance, and exceptional 
retirement program. Salary open. O-166-625 


AGRICULTURAL ENGINEER, instructor, to 
teach physics and rural electrification to agri- 
cultural students, with opportunity for grad- 
uate study toward MS or PhD, in a north 
central state university. Age under 40. BS deg 
in agricultural engineering or equivalent, from 
accredited curriculum. Good academic aptitude. 
No work experience required. Appointment for 
full time or part time, depending on desired 
rate of graduate study program. Salary $448 
per month for full time. O-167-626 


AGRICULTURAL ENGINEER, assistant 
professor, to teach farm power on farm struc- 
tures, in a southern state polytechnic institute. 
Age under 30. MS deg in agricultural engineer- 
ing, or equivalent, and preferably a year or 
two of experience. Usual personal qualifications 
for college teaching. Yearly automatic raises 
and merit raises. Third man in rapidly growing 
agricultural engineering department. Salary 
open. O-159-627 


AGRICULTURAL ENGINEER for teaching, 
extension and research as rural electrification 
project director in a northwestern state. Age 
25-45. BS deg in agricultural engineering, 
preferably from an accredited curriculum. 
Teaching or research experience or work with 
a power supplier. Ability to work and cooper- 
ate with others. Interest in writing. Registered 
professional engineer or interest in qualifying 
for registration. Better than average oppor- 
tunity for advancement. Salary open. O-142-628 


AGRICULTURAL ENGINEER, associate or 
assistant professor, to teach irrigation, soil and 
water conservation, farm surveying, serve on 
irrigation research advisory committee for the 
Agricultural School; and plan and initiate irri- 
gation research in the agriculturing engineer- 


ing department, at a southwestern state college. 
Ms or higher degree in agricultural engineer- 
ing, or equivalent, with advanced study in 
irrigation planning and research, and in ex- 
perimental. or statistical analysis. Usual high 
personal qualifications for college teaching. 
Excellent opportunity for aggressive man in 
area with 40,000 deep wells and 4 million acres 
under irrigation. Permanent position with nine- 
month contract renewed annually. Salary 
$5400 maximum to start, with 10 percent raise 
at beginning of second year, and additional pay 
for summer work. O-173-629 


AGRICULTURAL or MECHANICAL ENGI- 
NEER for design and development of crop 
drying equipment, and application research in 
this field, with established organization in 
Midwest. Age 25-30. BS deg in agricultural 
engineering. At least 2 yr experience in equip- 
ment manufacture or sales. Should be able to 
take full responsibility for development projects 
and technical work on sales promotion. Excel- 
lent opportunity in expanding organization. 
Salary $5000 minimum starting. O-175-630 


AGRICULTURAL or MECHANICAL ENGI- 
NEER for chief product design and develop- 
ment engineering position with long-established 
and expanding eastern manufacturer of agri- 
cultural steel products. Responsible for new 
product design and development from concept 
to final finished items. Age 30-40. BS deg in 
mechanical engineering, or equivalent. Approx- 
imately 10 years experience in metal product 
design and development. Some knowledge of 
farm machinery desirable. Capacity for sound 
accurate judgment and follow-through in all 
stages of product development. Good opportun- 
ity for advancement. Participation in profit 
sharing plan. Salary $12,000-15,000. Include 
present position and salary in resume of per- 
sonal data. O-179-631. 


AGRICULTURAL ENGINEER, Associate 
professor, for research in field machinery, in 
agricultural engineering department of a land 
grant University in the East. PhD with major 
training or experience in mechanics and ma- 
chine design, and technical competence in 
modern instrumentation for stress analysis. 
Experience in farm equipment industry desir- 
able. Must be able to cooperate effectively with 
other agricultural engineers, other subject mat- 
ter specialists and farmers; and to organize 
and direct research. New building with modern 
facilities and equipment provides opportunity 
for competent research man to make an out- 
standing contribution to agricultural engineer- 


ing. Send complete personal data, including 
transcript of college records and 3 references 
who can evaluate technical qualifications. Sala- 
ry $6948. O-181-632 

AGRICULTURAL ENGINEER, assistant 
professor, for extension program in crop proc- 
essing and materials handling equipment, in an 
eastern state with an agricultural engineering 
extension staff of 10 specialists directed by a 
project leader. MS deg in agricultural engineer- 
ing with major interest in machinery and farm- 
stead equipment. Farm background. Prefer- 
ably some extension experience. Keen interest 
in working with farmers and genuine ability to 
cooperate with other workers. Opportunity to 
develop intensive educational and demonstra- 
tion program in specialized field. Send com- 
plete personal data including transcript of 


college recérds and published writings. Salary 
$6210. O-181-633 
NEW POSITIONS WANTED 
AGRICULTURAL ENGINEER for exten- 


sion, teaching, research, sales, or service in 
power and machinery, farm structures, or rural 
electric fields, with public service or industry, 
anywhere in USA or elsewhere. Married. Age 
38. No disability. BS deg in agriculture, 1941; 
MS deg in agricultural enigneering, 1946, both 
at Michigan State University. Farm back- 
ground, taught vocational agriculture and farm 


shop 13 yr. Farm machinery advisor, ICA, 
Pakistan, 2 yr. Available Jan. 1, 1957. Salary 
open. W-161-20 


AGRICULTURAL ENGINEER for sales or 
research in power and machinery or rural elec- 
tric field with industry or public service in 
southeastern Wisconsin. Age 29. No disability. 
BS deg in agricultural engineering, 1951, Uni- 
versity of Arkansas. MS deg in agricultural 
engineering, 1955, Pennsylvania State Univer- 
sity. Farm background. Tractor engineering 
2 yr, including proving ground, laboratory, and 
design. War and postwar enlisted and commis- 
sioned service, 4 yr in Army Engineers and 
Signal Corps. Available July 1. Salary open. 
W-149-21 


AGRICULTURAL ENGINEER for extension, 
teaching, or research in soil and water field 
with public service or manufacturer anywhere 
in USA. Married. Age 26. No disability. BS 
deg in agricultural engineering, 1951, MS deg 
in agricultural engineering expected, August 
1956, both at University of Missouri. Farm 
background. Graduate research. USAF 4 yr, 
including 3 yr as weather forecaster. Available 
Sept. 1. Salary open. W-122-22 


CASTING or STAMPING — which is better? 
Nagel-Chase may help you decide! 


BEFORE: This part, a cast- 
ing, and frequently broke 
across one end, as shown. 


AFTER: 


breakage. 


Nagel-Chase de- 
signed and produced this 
part from pressed steel — 
stronger, less expensive, no 


Every day a design engineer is faced 
with decisions as to the best method 
of producing the component parts of 
some product. Should it be a casting or 
a pressed steel part? Which would per- 
form its function most dependably, and 
which would cost less to produce? 


In such circumstances, Nagel-Chase 
Mfg. Co. can be of help. Specialists for 
many years in the design and produc- 
tion of welded pressed steel parts, in- 
cluding Nagel-Chase casters and V-Belt 
pulleys, this company has, on frequent 
occasions, been able to design and pro- 
duce a stronger, more satisfactory part, 
at lower cost. A typical example is 
illustrated here. 


Nagel-Chase is now producing parts 
for mony manufacturers, including some 
of the largest in the agricultural equip- 
ment field. Their engineers will be glad 
to consult with you, without obligation, 
of course. Nagel-Chase also produces 
heavy duty sheaves for combines, etc. 
When designing your V-Belt drives we 
would be glad to consult with you on 
your requirements. 


NAGEL-CHASE MANUFACTURING CO. 
2815 N. Ashland Ave. 


SPECIALISTS 
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Chicago, Illinois 


IN THE MANUFACTURE OF PRESSED STEEL PARTS 


1956 
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There’s greater per acre yield 


with RAIN BIRDS... 


in the field! 


That’s why on farms and ranches across the 
nation . . . around the world, you'll find more RAIN BirDs than 
any other type sprinkler. 
Made with a minimum of moving parts to wear or require 
servicing, RAIN BirDs stay on the job, performing day in 
and day out with maximum efficiency and dependability. 


- 


= 


Remember, if it hasn‘t the name... it 
isn‘t the same. Specify RAIN BIRD! 


| 
Re | 
RS ree 
Ore See | 
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Help Farmers 


pave the way to profits 
with CONCRETE 
the BADGE All over America agricultural engineers are 


proving to farmer-clients that paving with 


oO f him who concrete pays. They are demonstrating that 


B E L O N G S concrete-paved improvements such as those 


shown here soon pay for themselves—and 


| continue to pay dividends for many years. 
ESPITE the presumption it sets up, | — shed 


mere membership in the American Society of With such long-lasting, concrete-paved 
Agricultural Engineers is no proof of a man’s improvements farmers can forget the back- 
high rank in technical talent. It does prove that breaking chores of frequent filling and grad- 


he has met certain minimum requirements and ing of unpaved barnyards, feed lots and 
has earned the esteem of colleagues who spon- 


sored his application for membership. floors. Concrete paving saves so much time 
But the Society emblem is evidence that that it’s like having an extra hired hand. 


native talent, be it great or small, is enriched by Savings in manure alone often pay the 
fraternity with the personalities whose minds cost of a barnyard or feed lot in a short time. 


fuse to form the pattern of progress in the : , : 
methods and mechanics of agriculture. The Feed savings are substantial too. Besides, 


wearer of the emblem waits not for the debut cattle and hogs make much faster gains 
of an idea, but is present at its birth and helps when they’re not using energy to fight mud. 
to guide its growth. Concrete improvements are moderate in 
Be you novice or veteran, your membership hi anak ire littl en 

in the organized profession adds something to or RE Soe oe ee 
your efficiency, your vision, your influence as last a lifetime. That’s low annual cost. 

an individual engineer. The Society symbol on 
your lapel is token that you “belong”. Wear it. 


Portland Cement Association field engi- 
neers will gladly help agricultural engineers 


STYLES AND PRICES OF ASAE EMBLEMS on concrete farm improvement problems. 
With blue ground for Fellows, Members, and 
qi maint Meniers —fumimed aureroos | PORTLAND CEMENT ASSOCIATION 
With red ground for Affiliates — furnished only 33 West Grand Avenue, Chicago 10, Illinois 


in pin with safety clasp — $3.50 each. A national organization to improve and extend the uses of portland cement 
Send orders to ASAE, St. Joseph, Michigan. and concrete ... through scientific research and engineering field work 
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TRACTOR BOOK 


Development of the 
Agricultural Tractor 
in the United States 


By R. B. Gray, U.S. Department of Agriculture 
$2.00 postpaid 


This book (1) assembles in chronological order 


the events and dates relating to the establishment, 


merger, discontinuation, or reorganization of steam 


traction engine and gas tractor manufacturing com- 


panies, and (2) supplies brief specifications of 


many of the tractors they produced. The first sec- 


tion of the book briefly discusses mechanical farm 


power from its inception up to 1920; the second 


section covers development of both wheel and 


track-type tractors up to 1950. The book is pro- 


fusely illustrated. 


Order copies from 


AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS 
P.O. Box, 229, St. Joseph, Michigan 


448 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 
$49.80 


Two or more 
$2.40 each 


Postpaid in U.S.A. 
Foreign postage extra 


THE ONLY binder that 
opens flat as a bound 
book! Made of durable, 
green imitation leather, 
nicely stamped on back- 
bone, with the name of 
journal and year and volume number, it will preserve 
your journals permanently. Each cover holds 12 issues 
(one volume). Do your own binding at home in a few 
minutes. Instructions easy to follow. Mail coupon for 
full information, or binder on 10-day free trial. 


One copy 
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THE SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit 26, Mich. 


Mail postpaid .__________....... binders for Agricultural 


a ee ee 
Will remit in 10 days or return binders. 
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IDLER PULLEY UNITS FOR 
FAST, LOW-COST MOUNTINGS 


eS ep as ae 


These Departures in farm implement components 
' Ey are built around New Departure ball bearings equipped with 
©) .- Sentri-Seals—‘“‘always on guard against dirt.” 

* | 


A 3g 


Permanently lubricated with special, high-quality ball 
bearing grease, and Sealed-for-Lifc, these units require no 
relubrication . . . no maintenance of any kind. They literally 
are ‘“‘built-to-be-forgotten” for service . . . for greatest 
economy and customer satisfaction. 


Bearing bores are sized to mount on standard bolts for 
fast, low-cost mounting. 


Pulleys are of strong, 
riveted construction with 
edges rolled to prevent 
belt damage and give 
additional strength. 
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These Departures 
are available for both 


ml AT flat and V-belts . . . for 
ee By SB harvesters, balers, spreaders, 


combines and many other 
farm implement appli- 
cations. Write for details. 
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BALL BEARINGS MAKE GOOD MACHINES BETTER 


NEW DEPARTURE «+ DIVISION OF GENERAL MOTORS e« BRISTOL, CONN. 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, Too! 


How Minneapolis-Moline keeps shafts aligned, 
lengthens life of corn picker gear box parts 


NE big reason for the longer life of moving 

parts in the Minneapolis-Moline Mounted 

Corn Picker is that the gear box is equipped 
with Timken”® bearings. 


Timken tapered roller bearings in the small 
gathering chain gear box hold shafts in rigid 
alignment because they take both radial and 
thrust loads in any combination. Gears mesh 
smoothly and accurately, wear less. It’s the 
tapered construction that does it. And full line 
contact between rollers and races gives Timken 
bearings extra load-carrying capacity. 


Because Timken bearings keep housings and 
shafts concentric, closures are more effective. 
Dirt and moisture can’t get in. Lubricant can’t 
get out. Maintenance is further reduced—one 
lubrication a season is usually plenty. 


Timken bearings save power, too. That's be- 


& 


Ct ies 


cause they practically eliminate friction. They’re 
designed by geometrical law to have true roll- 
ing motion and are manufactured with micro- 
scopic accuracy to live up to their design. 


With Timken bearings, agricultural engineers 
find ready answers to three of their biggest 
design problems: 1) combination loads, 2) dirt, 
3) ease of operation. Engineers can depend 
upon Timken bearings to help equipment oper- 
ate more easily and economically, last longer. 
We even make our own bearing steel, to be sure 
it’s the finest available. We’re America’s only 
bearing manufacturer that does. 


For helpful design ideas on applications for 
Timken bearings, write for your free copy of 
“Tapered Roller Bearing Practice In Current 
Farm Machinery Applications”. The Timken 
Roller Bearing Company, Canton 6, Ohio. 
Cable address: ‘“TIMROSCO”. 


The farmer's Tapered | ren NOT JUST A BALL (©) NOT JUST A ROLLER (7) THE TIMKEN TAPERED ROLLER (> 
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